Specification 



Title of the Invention 



[0001] Aspherical Spectacle Lens 
Background of the Invention 

[0002] The present invention relates to a single- vision 
aspherical lens used for correction of refractive power of 
human eyes. In particular, the present invention relates to 
a single-vision spectacle lens which is used when a wearer 
( a person wearing the spectacle lens ) having an amplitude 
of accommodation views an object located at various 
distances raging from a short distance to a long distance. 
[0003] When the wearer uses the spectacle lens, the 
wearer frequently uses an upper portion of the lens for 
distance vision and a lower portion of the lens for near 
vision. For this reason, it is desired that the upper 
portion of the spectacle lens has suitable performance for 
distance vision and that the lower portion of the lens has 
suitable performance for near vision. 

[0004] Each of Japanese Patent Provisional Publications 
No. HEI 4-45419 and No. HEI 10-78566 discloses a spectacle 
lens designed to have suitable performance in the upper 
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portion and the lower portion of the lens. 

[0005] The spectacle lens disclosed in the publication 
HEI 4-45419 has one refractive surface configured such that 
a rate of change of curvature which is measured in an upper 
portion of the one refractive surface along a line 
extending on the surface from a center of the upper portion 
to the periphery of the upper portion is larger than a 
corresponding rate of change of curvature measured in the 
lower portion of the surface. 

[0006] However, in each of four exeimples of the 
publication HEI 4-45419, only curvatures on two meridional 
lines (OA,OB) and a fact that curvatures on the other 
meridional lines take intermediate values between the 
curvatures of the lines OA and OB are described. Therefore, 
it is impossible for a person skilled in the art to 
practically make a spectacle lens based on the disclosure 
of the publication HEI 4-45419. That is, it is impossible 
to practically configure a spectacle lens having the 
suitable performance with regard to the upper portion and 
the lower portion thereof based on the disclosure of the 
publication HEI 4-45419. 

[0007] Also, from graphs of astigmatism disclosed in 
each of the examples 2, 3 and 4 of the publication HEI 4- 
45419, it is understood that a minus lens disclosed in the 
examples 2 , 3 and 4 is corrected for its astigmatism so 
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that the astigmatism for the distance vision is 
substantially zero. When the astigmatism for the distance 
vision of the minus lens takes a value of zero, a dioptric 
power error of the minus lens takes positive values. 

[0008] Further, in a case where the spectacle lens has a 
positive dioptric power error, a field of view of the 
wearer for the distance vision is blurred as if the wearer 
is in a fog. That is because it is impossible for the 
wearer to further decrease the refractive power of eyes for 
the distance vision due to the fact that the refractive 
power of eyes becomes lowest in the case of the distance 
vision, even though when the spectacle lens has a positive 
dioptric power error, an effect of the dioptric power error 
can be canceled by decreasing refractive power of eyes for 
the distance vision. 

[0009] Accordingly, a balance between aberrations of the 
spectacle lens disclosed in the examples of the publication 
HEI 4-45419 is improper. 

[0010] The spectacle lens disclosed in the publication 
HEI 10-78566 has a rotationally symmetrical asperical 
surface in which a center of the aspherical surface is 
shifted from a center of an outline of the lens in order to 
attain the suitable performance with regard to the upper 
portion and the lower portion of the spectacle lens . 

[0011] However, the aspherical surface of the spectacle 
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lens disclosed in each example of the publication HEI 10- 
78566 is a rotationally symmetrical surface for the purpose 
of easing the processing of the spectacle lens. Therefore, 
there is a limit on optical performance that the spectacle 
lens in the publication HEI 10-78566 can attains. 

Summary of the Invention 



[0012] The present invention is advantageous in that it 
provides a spectacle lens configured such that an upper 
portion of the lens has suitable performance for the 
distance vision and that a lower portion of the lens has 
suitable perfoirmance for the near vision. 

[0013] According to an aspect of the invention, there is 
provided a spectacle lens having an outer surface and an 
inner surface, one of the outer and inner surfaces being 
configured to be a rotationally-asymmetrical aspherical 
surface. When a curvature at a coordinate (h,6) of the 
outer surface is represented by Ci(h,0), a curvature at a 
coordinate (h,0) of the inner surface is represented by 
C 2 (h, 0 ), and a difference between curvatures of the outer 
surface and the inner surface at the coordinate (h,0) is 
represented by C 2 -i(h, 0) =C 2 (h, 0) -Ci(h, 0) , if C2-i(O,0)>O, the 
spectacle lens satisfying a condition (1): 

C2-i(h,0+18O)-C2-i(h,0) > 0 (1), 
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and if C2-i(O,0)<O, the spectacle lens satisfying a 
condition (2): 

C2-i(h, 0+180) -C2-i(h,0) < 0 (2). 

[0014] The conditions (1) and (2) hold within the ranges 
of 10mm£h^20inin and 3O°s0^15O°. Further, given that a normal 
line which is normal to the outer surface through a 
centration point is regarded as a zi-axis, a direction 
which is perpendicular to the Zi-axis and which corresponds 
to an upward direction in the state of wearing of the 
spectacle lens is regarded as a yi-axis. and a direction 
which is perpendicular to the yi-axis and the zi-axis in a 
left hand coordinate system is regarded as an xi-axis. the 
coordinate (h,0) of the outer surface is defined as a point 
having a height h (unit: mm) from the zi-axis on an 
intersection line which is formed between the outer surface 
and a plane including the Zi-axis and forming an angle 0 
(unit: degree) with respect to the xi-axis. 

[0015] Further, given that a normal line which is normal 
to the inner surface through the centration point is 
regarded as a Z 2 -axis, a direction which is perpendicular 
to the Z 2 -axis and which corresponds to the upward 
direction in the state of wearing of the spectacle lens is 
regarded as a y 2 -axis, and a direction which is 
perpendicular to the y 2 -axis and the Z 2 -axis in the left 
hand coordinate system is regarded as an X 2 -axis, the 
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coordinate (h,0) of the inner surface is defined as a point 
having a height h (unit; mm) from the Za-axis on an 
intersection line which is formed between the inner surface 
and a plane including the za-axis and forming an angle 0 
(unit: degree) with respect to the xa-axis. 

[0016] The centration point is defined as a point which 
coincides with a pupil position of a wearer when the 
spectacle lens is viewed from a front side in a state of 
wearing of the spectacle lens . 

[0017] With the above mentioned configuration, the 
spectacle lens can attain suitable optical performance in 
which an upper portion of the lens is adapted to the 
distance vision and an lower portion of the lens is adapted 
to the near vision. 

[0018] Optionally, when the inner surface is configured 
to be the rotationally-asymmetrical aspherical surface, if 
C2-i(O,0)>O, the spectacle lens may satisfy a condition (3): 

C2(h.0+18O)-C2(h,0) > 0 (3). 

and if C2-i(O,0)<O, the spectacle lens may satisfy a 
condition ( 4 ) : 

C2(h,0+18O)-C2(h,0) < 0 (4). The 

conditions ( 3 ) and ( 4 ) hold within the ranges of 
10mni£h£20mm and 3O°s0sl5O°. 

[0019] Alternatively, when the outer surface is 
configured to be the rotationally-asymmetrical aspherical 
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surface, if C2-i(O,0)>O, the spectacle lens may satisfy a 
condition ( 5 ) : 

Ci(h,0+18O)-Ci(h,0) < 0 (5). 

and if C2-i(O,0)<O, the spectacle lens may satisfy a 
condition ( 6 ) : 

Ci(h, 0+180) -Ci(h,0) > 0 (6). The 

conditions (5) and (6) hold within the ranges of 
10mm£h220mm and 3O°s0sl5O". 

[0020] In a particular case, the outer surface may 
configured to be a spherical surface, and the inner surface 
may be configured to be the rotationally-asymmetrical 
aspherical surface. 

[0021] In a particular case, the outer surface is 
configured to be the rotationally-asymmetrical aspherical 
surface, and the inner surface is configured to be a 
spherical surface . 

[0022] In a particular case, the outer surface may be 
configured to be the rotationally-asymmetrical aspherical 
surface, and the inner surface may be configured to be a 
toric surface, 

[0023] In a particular case, both of the outer and inner 
surfaces may be configured to be aspherical surfaces. 

[0024] In a particular case, the outer surface may be 
configured to be a rotationally- symmetrical aspherical 
surface, and the inner surface may be configured to be the 
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rotationally-asymmetrical aspherical surface. 

[0025] In a particular case, the outer surface may be 
configured to be the rotationally-asymmetrical aspherical 
surface, and the inner surface may be configured to be a 
rotationally- symmetrical aspherical surface. 

[0026] In a particular case, both of the outer and inner 
surfaces may be configured to be the rotationally- 
asymmetrical aspherical surfaces . 

[0027] Optionally, one of the outer and inner surfaces 
may have cylindrical refractive power for correction of an 
astigmatic vision. 

Brief Description of the Accompanying Drawings 

[0028] Fig. lA is a section view of a spectacle lens 

according to a first embodiment of the invention viewed 

from a side surface thereof ; 

[0029] Fig. IB is a front view of the spectacle lens 

according to the first embodiment viewed from a front 

surface side thereof ; 

[0030] Fig. 2A is a section view of a spectacle lens 
according to a second embodiment of the invention viewed 
from a side surface thereof ; 

[0031] Fig. 2B is a front view of the spectacle lens 
according to the second embodiment viewed from a front 
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surface side thereof ; 



[0032] Fig. 3 shows an optical arrangement which is used 
when aberrations are calculated; 

[0033] Fig. 4 shows an optical arrangement which is used 
for calculation of the aberrations and which indicates 
various parameters related to a ray of light ; 

[0034] Fig. 5A is a list showing a distribution of 
curvature Ci(h,0) of an outer surface of a spectacle lens 
according to a first example; 

[0035] Fig. 5B is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
according to the first example; 

[0036] Fig. 6A is a graph illustrating change of the 
curvature Ci(h,0) of the first example for each of angles 0 
with respect to change of a height h; 

[0037] Fig. 6B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the first example for each of angles 0 
with respect to change of a height h; 

[0038] Fig. 7A is a graph illustrating change of the 
curvature Ci(h,0) of the first example for each of the 
heights h with respect to change of the angle 0; 

[0039] Fig. 7B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the first example for each of the 
heights h with respect to change of the angle 0; 

[0040] Fig. 8A is a graph illustrating change of a value 
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of Ci(h,0+18O) -Ci(h,0) of the first example for each of the 
heights h with respect to the change of the angle 0; 

[0041] Fig. 8B is a graph illustrating change of a value 
of C 2 (h, 0+180) -C 2 (h, 0 ) of the first example for each of the 
heights h with respect to the change of the angle 0; 

[0042] Fig. 9 is a graph illustrating change of a value 
of C 2 -i(h, 0+180) -C2-i(h,0) of the first example for each of 
the heights h with respect to the change of the angle 0; 
[0043] Fig. lOA is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the first example; 

[0044] Fig. lOB is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the first 
example ; 

[0045] Fig. IIA is a list showing a distribution of 
curvature Ci(h,0) of an outer surface of a spectacle lens 
according to a second example; 

[0046] Fig. IIB is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
according to the second example; 

[0047] Fig. 12A is a graph illustrating change of the 
curvature Ci(h,0) of the second example for each of angles 
0 with respect to change of a height h; 

[0048] Fig. 12B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the second example for each of angles 



10 




0 with respect to change of a height h; 

[0049] Fig. 13A is a graph illustrating change of the 
curvature Ci{h,0) of the second example for each of the 
heights h with respect to change of the angle 0; 

[0050] Fig. 13B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the second example for each of the 
heights h with respect to change of the angle 0; 

[0051] Fig. 14A is a graph illustrating change of a 
value of Ci(h, 0+180 ) -Ci(h,0) of the second example for each 
of the heights h with respect to the change of the angle 0 ; 
[0052] Fig. 14B is a graph illustrating change of a 
value of C 2 (h, 0+180 ) -C 2 (h, 0 ) of the second example for each 
of the heights h with respect to the change of the angle 0 ; 
[0053] Fig. 15 is a graph illustrating change of a value 
of C2-i(h,0+18O) -C2-i(h,0) of the second example for each of 
the heights h with respect to the change of the angle 0 ; 
[0054] Fig. 16A is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the second example; 

[0055] Fig. 16B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the 
second example ; 

[0056] Fig. 17A is a list showing a distribution of 
curvature Ci(h,0) of an outer surface of a spectacle lens 
according to a first comparative example; 
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[0057] Fig, 17B is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
according to the first comparative example; 

[0058] Fig. 18A is a graph illustrating change of the 
curvature Ci(h,0) of the first comparative example for each 
of angles 0 with respect to change of a height h; 

[0059] Fig. 18B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the first comparative example for each 
of angles 0 with respect to change of a height h; 

[0060] Fig. 19A is a graph illustrating change of the 
curvature Ci(h,0) of the first comparative example for each 
of the heights h with respect to change of the angle 0; 

[0061] Fig. 19B is a graph illustrating change of the 

curvature C 2 (h, 0 ) of the first comparative example for each 
of the heights h with respect to change of the angle 0; 

[0062] Fig. 20A is a graph illustrating change of a 

value of Ci(h, 0+180) -Ci(h,0) of the first comparative 
example for each of the heights h with respect to the 
change of the angle 0; 

[0063] Fig. 20B is a graph illustrating change of a 
value of C 2 (h, 0+180) -C 2 (h, 0 ) of the first comparative 
example for each of the heights h with respect to the 
change of the angle 0; 

[0064] Fig. 21 is a graph illustrating change of a value 
of C 2 -i(h, 0+180) -C2-i(h,0) of the first comparative example 
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for each of the heights h with respect to the change of the 
angle 0; 

[0065] Fig, 22A is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the first comparative example; 

[0066] Fig. 22B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the first 
comparative exeimple; 

[0067] Fig. 23A is a list showing a distribution of 
curvature Ci(h,0) of an outer surface of a spectacle lens 
according to a third example; 

[0068] Fig. 23B is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
according to the third example; 

[0069] Fig. 24A is a graph illustrating change of the 

curvature Ci(h,0) of the third example for each of angles 0 

with respect to change of a height h; 

[0070] Fig. 24B is a graph illustrating change of the 

curvature C 2 (h, 0 ) of the third example for each of angles 0 

with respect to change of a height h; 

[0071] Fig. 25A is a graph illustrating change of the 
curvature Ci(h,0) of the third example for each of the 
heights h with respect to change of the angle 0; 

[0072] Fig. 25B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the third excimple for each of the 
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heights h with respect to change of the angle 0 ; 

[0073] Fig. 26A is a graph illustrating change of a 
value of Ci(h,0+18O) -Ci(h,0) of the third example for each 
of the heights h with respect to the change of the angle 0 ; 
[0074] Fig. 26B is a graph illustrating change of a 
value of C2(h,0+18O ) -C2(h,0) of the third example for each 
of the heights h with respect to the change of the angle 0 ; 
[0075] Fig. 27 is a graph illustrating change of a value 
of C 2 -i(h, 0+180) -C2-i(h,0) of the third example for each of 
the heights h with respect to the change of the angle 0 ; 
[0076] Fig. 28A is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the third example; 

[0077] Fig. 28B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the third 
example ; 

[0078] Fig. 29A is a list showing a distribution of 
curvature Ci(h,0) of an outer surface of a spectacle lens 
according to a fourth example; 

[0079] Fig. 29B is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
according to the fourth example; 

[0080] Fig. 30A is a graph illustrating change of the 
curvature Ci(h,0) of the fourth example for each of angles 
0 with respect to change of a height h; 



14 




[0081] Fig. 30B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the fourth example for each of angles 
0 with respect to change of a height h; 

[0082] Fig. 31A is a graph illustrating change of the 
curvature Ci(h,0) of the fourth example for each of the 
heights h with respect to change of the angle 0; 

[0083] Fig. 31B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the fourth example for each of the 
heights h with respect to change of the angle 0; 

[0084] Fig. 32A is a graph illustrating change of a 
value of Ci(h, 0+180 ) -Ci(h,0) of the fourth example for each 
of the heights h with respect to the change of the angle 0; 
[0085] Fig. 32B is a graph illustrating change of a 
value of C2(h,0+18O) -C2(h,0) of the fourth example for each 
of the heights h with respect to the change of the angle 0; 
[0086] Fig. 33 is a graph illustrating change of a value 
of C 2-1 (h, 0+180 ) -C2-i(h,0) of the fourth exeunple for each of 
the heights h with respect to the change of the angle 0; 
[0087] Fig. 34A is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the fourth example; 

[0088] Fig. 34B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the 
fourth example; 

[0089] Fig. 35A is a list showing a distribution of 
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curvature Ci(h,0) of an outer surface of a spectacle lens 
according to a second comparative example; 

[0090] Fig. 35B is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
according to the second comparative example; 

[0091] Fig. 36A is a graph illustrating change of the 
curvature Ci(h,0) of the second comparative example for 
each of angles 0 with respect to change of a height h; 

[0092] Fig. 36B is a graph illustrating change of the 

curvature C 2 (h, 0 ) of the second comparative example for 
each of angles 0 with respect to change of a height h; 

[0093] Fig. 37A is a graph illustrating change of the 

curvature Ci(h,0) of the second comparative example for 
each of the heights h with respect to change of the angle 

0; 

[0094] Fig. 37B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the second comparative example for 
each of the heights h with respect to change of the angle 

0; 

[0095] Fig. 38A is a graph illustrating change of a 
value of Ci(h,0+18O ) -Ci(h,0) of the second comparative 
exeunple for each of the heights h with respect to the 
change of the angle 0; 

[0096] Fig. 38B is a graph illustrating change of a 
value of C 2 ( h, 0+180 ) -C 2 (h, 0 ) of the second comparative 
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example for each of the heights h with respect to the 
change of the angle 0; 

[0097] Fig. 39 is a graph illustrating change of a value 

of C2-i(h,6+180) -C2-i(h,0) of the second comparative example 
for each of the heights h with respect to the change of the 
angle 0; 

[0098] Fig. 40A is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the second comparative example; 

[0099] Fig. 40B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the 
second comparative example; 

[0100] Fig. 41A is a list showing a distribution of 
curvature Ci(h,0) of an outer surface of a spectacle lens 
according to a fifth example; 

[0101] Fig. 4 IB is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
according to the fifth example; 

[0102] Fig. 42A is a graph illustrating change of the 
curvature Ci(h,0) of the fifth example for each of angles 0 
with respect to change of a height h; 

[0103] Fig. 42B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the fifth example for each of angles 0 
with respect to change of a height h; 

[0104] Fig. 43A is a graph illustrating change of the 
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curvature Ci(h,0) of the fifth example for each of the 
heights h with respect to change of the angle 0; 

[0105] Fig. 43B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the fifth example for each of the 
heights h with respect to change of the angle 0; 

[0106] Fig. 44A is a graph illustrating change of a 
value of Ci(h, 0+180) -Ci(h,0) of the fifth example for each 
of the heights h with respect to the change of the angle 0 ; 
[0107] Fig. 44B is a graph illustrating change of a 
value of C 2 ( h, 0+180 ) -C 2 (h, 0 ) of the fifth example for each 
of the heights h with respect to the change of the angle 0 ; 
[0108] Fig. 45 is a graph illustrating change of a value 
of C 2 -i(h, 0+180) -C2-i(h,0) of the fifth example for each of 
the heights h with respect to the change of the angle 0 ; 
[0109] Fig. 46A is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the fifth example; 

[0110] Fig. 46B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the fifth 
example ; 

[0111] Fig. 47A is a list showing a distribution of 
curvature Ci(h,0) of an outer surface of a spectacle lens 
according to a sixth exeunple; 

[0112] Fig. 47B is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
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according to the sixth example; 

[0113] Fig. 48A is a graph illustrating change of the 
curvature Ci(h,0) of the sixth example for each of angles 0 
with respect to change of a height h; 

[0114] Fig. 48B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the sixth example for each of angles 0 
with respect to change of a height h; 

[0115] Fig. 49A is a graph illustrating change of the 
curvature Ci(h,0) of the sixth example for each of the 
heights h with respect to change of the angle 0; 

[0116] Fig. 49B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the sixth example for each of the 
heights h with respect to change of the angle 0; 

[0117] Fig. 50A is a graph illustrating change of a 
value of Ci(h, 0+180 ) -Ci(h,0) of the sixth example for each 
of the heights h with respect to the change of the angle 0; 
[0118] Fig. SOB is a graph illustrating change of a 
value of C 2 (h, 0+180) -C 2 (h, 0 ) of the sixth example for each 
of the heights h with respect to the change of the angle 0; 
[0119] Fig. 51 is a graph illustrating change of a value 
of C 2-1 (h, 0+180 ) -C2-i(h,0) of the sixth example for each of 
the heights h with respect to the change of the angle 0; 
[0120] Fig. 52A is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the sixth example; 
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[0121] Fig. 52B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the sixth 
example ; 

[0122] Fig. 53A is a list showing a distribution of 
curvature Ci(h,0) of an outer surface of a spectacle lens 
according to a third comparative example ; 

[0123] Fig. 53B is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
according to the third comparative example; 

[0124] Fig. 54A is a graph illustrating change of the 
curvature Ci(h,0) of the third comparative example for each 
of angles 0 with respect to change of a height h; 

[0125] Fig. 54B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the third comparative example for each 
of angles 0 with respect to change of a height h; 

[0126] Fig. 55A is a graph illustrating change of the 
curvature Ci(h,0) of the third comparative example for each 
of the heights h with respect to change of the angle 0; 

[0127] Fig. 55B is a graph illustrating change of the 

curvature C 2 (h, 0 ) of the third comparative exeunple for each 
of the heights h with respect to change of the angle 0; 

[0128] Fig. 56A is a graph illustrating change of a 

value of Ci(h,0+18O) -Ci(h,0) of the third comparative 
example for each of the heights h with respect to the 
change of the angle 0; 
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[0129] 



Fig. 56B is a graph illustrating change of a 



value of C 2 (h, 0 + 18 O)-C 2 (h, 0 ) of the third comparative 
example for each of the heights h with respect to the 
change of the angle 0 ; 

[0130] Fig. 57 is a graph illustrating change of a value 
of C 2 -i(h. 0+180 ) -C 2 -i(h, 0) of the third comparative example 
for each of the heights h with respect to the change of the 
angle 0 ; 

[0131] Fig. 58A is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the third comparative example; 

[0132] Fig. 58B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the third 
comparative example; 

[0133] Fig. 59A is a list showing a distribution of 
curvature Ci(h,0) of an outer surface of a spectacle lens 
according to a seventh example; 

[0134] Fig. 59B is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
according to the seventh example; 

[0135] Fig. 60A is a graph illustrating change of the 
curvature Ci(h,0) of the seventh example for each of angles 
0 with respect to change of a height h; 

[0136] Fig. 60B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the seventh example for each of angles 
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0 with respect to change of a height h; 

[0137] Fig. 61A is a graph illustrating change of the 
curvature Ci(h,0) of the seventh example for each of the 
heights h with respect to change of the angle 0; 

[0138] Fig. 6 IB is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the seventh example for each of the 
heights h with respect to change of the angle 0; 

[0139] Fig. 62A is a graph illustrating change of a 
value of Ci(h,0+18O) -Ci(h,0) of the seventh example for 
each of the heights h with respect to the change of the 
angle 0; 

[0140] Fig. 62B is a graph illustrating change of a 
value of C 2 (h, 0+180) -C 2 (h, 0 ) of the seventh excimple for 
each of the heights h with respect to the change of the 
angle 0; 

[0141] Fig. 63 is a graph illustrating change of a value 
of C 2 -i(h. 0+180) -C2-i(h,0) of the seventh example for each of 
the heights h with respect to the change of the angle 0; 
[0142] Fig. 64A is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the seventh example; 

[0143] Fig. 64B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the 
seventh example; 

[0144] Fig. 65A is a list showing a distribution of 
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curvature Ci(h,0) of an outer surface of a spectacle lens 
according to an eighth example; 

[0145] Fig. 65B is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
according to the eighth example; 

[0146] Fig. 66A is a graph illustrating change of the 
curvature Ci(h,0) of the eighth example for each of angles 
0 with respect to change of a height h; 

[0147] Fig. 66B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the eighth example for each of angles 
0 with respect to change of a height h; 

[0148] Fig. 67A is a graph illustrating change of the 
curvature Ci(h.0) of the eighth example for each of the 
heights h with respect to change of the angle 0; 

[0149] Fig. 67B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the eighth example for each of the 
heights h with respect to change of the angle 0; 

[0150] Fig. 68A is a graph illustrating change of a 
value of Ci(h, 0+180) -Ci(h,0) of the eighth example for each 
of the heights h with respect to the change of the angle 0; 
[0151] Fig. 68B is a graph illustrating change of a 
value of C2(h,0+18O) -C2(h,0) of the eighth exeimple for each 
of the heights h with respect to the change of the angle 0; 
[0152] Fig. 69 is a graph illustrating change of a value 
of C 2 -i(h, 0+180) -C2-i(h,0) of the eighth example for each of 
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the heights h with respect to the change of the angle 0; 
[0153] Fig. 70A is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the eighth example; 

[0154] Fig. 70B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the 
eighth example ; 

[0155] Fig. 71A is a list showing a distribution of 
curvature Ci(h,0) of an outer surface of a spectacle lens 
according to a fourth comparative example; 

[0156] Fig. 7 IB is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
according to the fourth comparative example; 

[0157] Fig. 72A is a graph illustrating change of the 
curvature Ci(h,0) of the fourth comparative example for 
each of angles 0 with respect to change of a height h; 

[0158] Fig. 72B is a graph illustrating change of the 

curvature C 2 (h, 0 ) of the fourth comparative example for 
each of angles 0 with respect to change of a height h; 

[0159] Fig. 73A is a graph illustrating change of the 

curvature Ci(h,0) of the fourth comparative example for 
each of the heights h with respect to change of the angle 

0; 

[0160] Fig. 73B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the fourth comparative example for 
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each of the heights h with respect to change of the angle 
0; 

[0161] Fig. 74A is a graph illustrating change of a 
value of Ci(h, 0+180) -Ci(h,0) of the fourth comparative 
example for each of the heights h with respect to the 
change of the angle 0; 

[0162] Fig. 74B is a graph illustrating change of a 

value of CaCh, 0+180) -C 2 (h, 0 ) of the fourth comparative 
example for each of the heights h with respect to the 
change of the angle 0; 

[0163] Fig. 75 is a graph illustrating change of a value 
of C 2-1 (h, 0+180 ) -C2-i(h,0) of the fourth comparative example 
for each of the heights h with respect to the change of the 
angle 0 ; 

[0164] Fig. 76A is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the fourth comparative example; 

[0165] Fig. 76B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the 
fourth comparative example; 

[0166] Fig. 77A is a list showing a distribution of 
cuirvature Ci(h,0) of an outer surface of a spectacle lens 
according to a ninth example; 

[0167] Fig. 77B is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
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according to the ninth example; 



[0168] Fig. 78A is a graph illustrating change of the 
curvature Ci(h,0) of the ninth example for each of angles 6 
with respect to change of a height h; 

[0169] Fig. 78B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the ninth example for each of angles 0 
with respect to change of a height h; 

[0170] Fig. 79A is a graph illustrating change of the 
curvature Ci(h,0) of the ninth example for each of the 
heights h with respect to change of the angle 0; 

[0171] Fig. 79B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the ninth example for each of the 
heights h with respect to change of the angle 0; 

[0172] Fig. 80A is a graph illustrating change of a 
value of Ci(h, 0+180) -Ci(h,0) of the ninth ex^ple for each 
of the heights h with respect to the change of the angle 0 ; 
[0173] Fig. 80B is a graph illustrating change of a 
value of C 2 (h, 0+180) -C 2 (h, 0 ) of the ninth example for each 
of the heights h with respect to the change of the angle 0 ; 
[0174] Fig. 81 is a graph illustrating change of a value 
of C 2 -i(h, 0+180) -C2-i(h,0) of the ninth exeunple for each of 
the heights h with respect to the change of the angle 0 ; 
[0175] Fig. 82A is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the ninth example; 
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[0176] Fig. 82B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the ninth 
example ; 

[0177] Fig. 83A is a list showing a distribution of 
curvature Ci(h,6) of an outer surface of a spectacle lens 
according to a tenth example; 

[0178] Fig. 83B is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
according to the tenth example ; 

[0179] Fig. 84A is a graph illustrating change of the 
curvature Ci(h,6) of the tenth example for each of angles 6 
with respect to change of a height h; 

[0180] Fig. 84B is a graph illustrating change of the 

curvature C 2 (h, 0 ) of the tenth example for each of angles 0 

with respect to change of a height h; 

[0181] Fig. 85A is a graph illustrating change of the 
curvature Ci(h,0) of the tenth example for each of the 
heights h with respect to change of the angle 0; 

[0182] Fig. 85B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the tenth example for each of the 
heights h with respect to change of the angle 0; 

[0183] Fig. 86A is a graph illustrating change of a 
value of Ci(h, 0+180) -Ci(h,0) of the tenth example for each 
of the heights h with respect to the change of the angle 0; 

[0184] Fig. 86B is a graph illustrating change of a 
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value of C2(h,0+18O) -C2(h,0) of the tenth excunple for each 
of the heights h with respect to the change of the angle 0; 
[0185] Fig. 87 is a. graph illustrating change of a value 
of C 2 -i(h, 0+180) -C2-i(h,0) of the tenth example for each of 
the heights h with respect to the change of the angle 0; 
[0186] Fig. 88A is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the tenth example; 

[0187] Fig. 88B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the tenth 
example ; 

[0188] Fig. 89A is a list showing a distribution of 
curvature Ci(h,0) of an outer surface of a spectacle lens 
according to a fifth comparative example; 

[0189] Fig. 89B is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
according to the fifth comparative example; 

[0190] Fig. 90A is a graph illustrating change of the 
curvature Ci(h,0) of the fifth comparative example for each 
of angles 0 with respect to change of a height h; 

[0191] Fig. 90B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the fifth comparative example for each 
of angles 0 with respect to change of a height h; 

[0192] Fig. 91A is a graph illustrating change of the 
curvature Ci(h,0) of the fifth comparative example for each 
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of the heights h with respect to change of the angle 0; 

[0193] Fig. 9 IB is a graph illustrating change of the 

curvature C 2 (h, 0 ) of the fifth comparative example for each 
of the heights h with respect to change of the angle 0; 

[0194] Fig. 92A is a graph illustrating change of a 

value of Ci(h, 0+180 ) -Ci(h,0) of the fifth comparative 
example for each of the heights h with respect to the 
change of the angle 0; 

[0195] Fig. 92B is a graph illustrating change of a 
value of C 2 (h, 0 + 18 O ) -C 2 (h, 0 ) of the fifth comparative 
example for each of the heights h with respect to the 
change of the angle 0; 

[0196] Fig. 93 is a graph illustrating change of a value 
of C2-i(h,0+18O) -C2-i(h,0) of the fifth comparative example 
for each of the heights h with respect to the change of the 
angle 0 ; 

[0197] Fig. 94A is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the fifth comparative example; 

[0198] Fig. 94B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the fifth 
comparative example; 

[0199] Fig. 95A is a list showing a distribution of 
curvature Ci(h,0) of an outer surface of a spectacle lens 
according to an eleventh example; 
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[0200] Fig. 95B is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
according to the eleventh example; 

[0201] Fig. 96A is a graph illustrating change of the 
curvature Ci(h,0) of the eleventh example for each of 
angles 0 with respect to change of a height h; 

[0202] Fig. 96B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the eleventh excimple for each of 
angles 0 with respect to change of a height h; 

[0203] Fig. 97A is a graph illustrating change of the 
curvature Ci(h,0) of the eleventh example for each of the 
heights h with respect to change of the angle 0; 

[0204] Fig. 97B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the eleventh example for each of the 
heights h with respect to change of the angle 0; 

[0205] Fig. 98A is a graph illustrating change of a 
value of Ci(h, 0+180) -Ci(h,0) of the eleventh exeunple for 
each of the heights h with respect to the change of the 
angle 0; 

[0206] Fig. 98B is a graph illustrating change of a 
value of C 2 (h, 0+180) -C 2 (h, 0 ) of the eleventh example for 
each of the heights h with respect to the change of the 
angle 0; 

[0207] Fig. 99 is a graph illustrating change of a value 
of C2-i(h,0+18O) -C2-i(h,0) of the eleventh example for each 
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of the heights h with respect to the change of the angle 0; 
[0208] Fig. lOOA is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the eleventh exeunple; 

[0209] Fig. lOOB is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the 
eleventh example; 

[0210] Fig. 10 lA is a list showing a distribution of 

curvature Cx(h,0) of an outer surface of a spectacle lens 

according to a twelfth example; 

[0211] Fig. 10 IB is a list showing a distribution of 

curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 

according to the twelfth example; 

[0212] Fig. 102A is a graph illustrating change of the 
curvature Ci(h,0) of the twelfth example for each of angles 
0 with respect to change of a height h; 

[0213] Fig. 102B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the twelfth example for each of angles 
0 with respect to change of a height h; 

[0214] Fig. 103A is a graph illustrating change of the 
curvature Ci(h,0) of the twelfth example for each of the 
heights h with respect to change of the angle 0; 

[0215] Fig. 103B is a graph illustrating change of the 
curvature C 2 (h. 0 ) of the twelfth example for each of the 
heights h with respect to change of the angle 0; 
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[0216] Fig. 104A is a graph illustrating change of a 
value of Ci(h, 9+180) -Ci(h,0) of the twelfth example for 
each of the heights h with respect to the change of the 
angle 0; 

[0217] Fig. 104B is a graph illustrating change of a 
value of C 2 (h, 9+180) -C 2 (h, 0 ) of the twelfth exeimple for 
each of the heights h with respect to the change of the 
angle 0 ; 

[0218] Fig. 105 is a graph illustrating change of a 
value of C 2 -i(h. 0+180) -C2-i(h,0) of the twelfth example for 
each of the heights h with respect to the change of the 
angle 0 ; 

[0219] Fig. 106A is a three dimensional graph 
illustrating an average refractive power error of the 
spectacle lens of the twelfth example; 

[0220] Fig. 106B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the 
twelfth example; 

[0221] Fig. 107A is a list showing a distribution of 
curvature Ci(h,0) of an outer surface of a spectacle lens 
according to a sixth comparative example; 

[0222] Fig. 107B is a list showing a distribution of 
curvature C 2 (h, 0 ) of an inner surface of the spectacle lens 
according to the sixth comparative exeimple; 

[0223] Fig. 108A is a graph illustrating change of the 
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curvature Ci(h,6) of the sixth comparative exeunple for each 
of angles 0 with respect to change of a height h; 

[ 0224 ] Fig. 108B is a graph illustrating change of the 
curvature C 2 {h, 0 ) of the sixth comparative example for each 
of angles 0 with respect to change of a height h; 

[ 0225 ] Fig. 109A is a graph illustrating change of the 
curvature Ci(h,0) of the sixth comparative example for each 
of the heights h with respect to change of the angle 0; 
[ 0226 ] Fig. 109B is a graph illustrating change of the 
curvature C 2 (h, 0 ) of the sixth comparative example for each 
of the heights h with respect to change of the angle 0; 
[ 0227 ] Fig. IlOA is a graph illustrating change of a 
value of Ci(h, 0+180) -Ci(h,0) of the sixth comparative 
example for each of the heights h with respect to the 
change of the angle 0 ; 

[ 0228 ] Fig. IlOB is a graph illustrating change of a 
value of C2(h,0+18O) -C2(h,0) of the sixth comparative 
example for each of the heights h with respect to the 
change of the angle 0; 

[ 0229 ] Fig. Ill is a graph illustrating change of a 
value of C 2 -i(h, 0+180) -C2-i(h,0) of the sixth comparative 
example for each of the heights h with respect to the 
change of the angle 0; 

[ 0230 ] Fig. 112A is a three dimensional graph 
illustrating an average refractive power error of the 
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spectacle lens of the sixth comparative example; and 
[0231] Fig. 112B is a three dimensional graph 
illustrating astigmatism of the spectacle lens of the sixth 
comparative example . 

Detailed Description of the Embodiments 



[0232] Hereinafter, embodiments according to the 
invention are described with reference to the accompanying 
drawings . 

[0233] Figs. lA and IB show a spectacle lens 1 according 
to a first embodiment of the invention. Fig. lA is a 
section view of the spectacle lens 1 viewed from a side 
surface of the spectacle lens 1, and Fig. IB is a front 
view of the spectacle lens 1 viewed from a front surface 
side of the lens . 

[0234] Figs. 2A and 2B show a spectacle lens 11 
according to a second embodiment of the invention. Fig 2A 
is a section view of the spectacle lens 11 viewed from a 
side surface of the lens 11, and Fig. IB is a front view of 
the spectacle lens 11 viewed from a front surface side of 
the lens 11. 

[0235] Hereafter, the spectacle lens 1 according to the 
first embodiment will be described. As shown in Fig. lA, 
the spectacle lens 1 has an outer surface 2 and an inner 
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surface 3 configured to be a surface having a symmetric 
property (e.g., a spherical surface) and a rotationally- 
asymmetrical aspherical surface, respectively. A point 4 
is a centration point. The centration point is defined as a 
point which coincides with a pupil position of the wearer 
when the spectacle lens is viewed from the front side in a 
state of wearing of the spectacle lens . 

[0236] In Fig lA, a normal line which is normal to the 
inner surface 3 through the centration point 4 is regarded 
as a Z 2 -axis. A direction which is perpendicular to the Z 2 - 
axis and which corresponds to a vertical direction in a 
state of wearing of the spectacle lens is regarded as a yz - 
axis . A direction which is perpendicular to the direction 
of the y 2 -axis and the direction of the Z 2 -axis in a left 
hand coordinate system is regarded as an X 2 -axis. 

[0237] In order to configure a spectacle lens so that an 
upper portion of the lens is adapted to the distance vision 
and that a lower portion of the lens is adapted to the near 
vision, a design for correction of aberrations has to be 
made individually with regard to the upper portion and the 
lower portion of the lens. Therefore, if the spectacle lens 
is configured using rotationally symmetrical surfaces, such 
a design for correction of aberrations becomes considerably 
difficult. For this reason, it is required that at least 
one of an outer surface and an inner surface of the 
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spectacle lens is configured to be a rotationally- 
asymmetrical aspherical surface. 

[0238] As described in detail later, by configuring the 
inner surface 3 of the spectacle lens 1 of the first 
embodiment as the rotationally- asymmetrical aspherical 
surface, the spectacle lens 1 is corrected for the 
aberrations so that the upper portion of the spectacle lens 
1 is adapted to the distance vision and that the lower 
portion of the spectacle lens 1 is adapted to the near 
vision . 

[0239] In Fig. IB, a point having a height h [mm] from 
the Z 2 -axis on an intersection line 7, which is formed 
between the inner surface 3 and a plane including the Z 2 - 
axis and forming an angle 0 [°] with respect to the X 2 -axis, 
is represented by a polar coordinate (h,0) . Also, C 2 (h, 0) 
represents a curvature measured along the intersection line 
7 at the point (h,0). The angle 0 is 0" when the 
intersection line 7 coincides with the X 2 -axis, and 
increases as the intersection line 7 rotates 
counterclockwise on Fig. IB. 

[0240] Plus directions of the X 2 -eixis, y 2 -axis, Z 2 -axis 
and polar coordinate (h,0) are indicated in Figs. lA and IB 
by the respective arrows . The centration point 4 
corresponds to an origin point of each of the X 2 -cixis, y 2 - 
axis, Z 2 -axis and polar coordinate (h,0) when the spectacle 
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lens 1 is viewed from the front surface side. A plus 
direction of the Z 2 -axis corresponds to an eye side of the 
spectacle lens 1. A plus direction of the y 2 -axis 
corresponds to an upper side in the state of the wearing of 
the spectacle lens 1 . 

[0241] In a case where h and 0 lie in respective ranges 
of 10shs20 and 3Os0^15O, the spectacle lens 1 satisfies a 
condition (3) when C2-i(O,0)>O holds, and satisfies a 
condition (4) when C2-i(O,0)<O holds. The C2-i(O,0) 
represents a difference between the curvature C 2 (O, 0 ) of 
the inner surface 3 at the polar coordinate of (0,0) and 
the curvature Ci(O,0) of the outer surface 2 at the polar 



coordinate of (0,0). 

C2(h,0+18O)-C2(h,0) > 0 (3) 

C2(h,0+18O)-C2(h,0) < 0 (4) 



[0242] In the conditions (3) and (4), the curvature 
C 2 (h, 0 ) is a curvature taken within an area R indicated by 
a hatch pattern in Fig. IB. That is, the curvature C 2 (h, 0 ) 
is a curvature of the upper portion of the inner surface 3 
of the spectacle lens 1. Further, in the conditions (3) and 
(4), the curvature C 2 (h, 0+180) is a curvature taken within 
an area located opposite to the area R on the inner surface 
3 with respect to the centration point 4 . That is , the 
curvature C 2 (h, 0+180) is a curvature of the lower portion 
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of the inner surface 3 of the spectacle lens 1 . 

[0243] The condition (3) means that the curvature of the 
upper portion of the inner surface 3 is smaller than that 
of the lower portion of the inner surface 3 when C2-i(O,0)>O 
holds . The condition ( 4 ) means that the curvature of the 
upper portion of the inner surface 3 is greater than that 

of the lower portion of the inner surface 3 when C2-i(O,0)<O 
holds . 

[0244] If a spectacle lens has cylindrical refractive 
power for the correction of an astigmatic vision, the 
cylindrical refractive power exerts an effect uniformly on 
a pair of points which are located on a lens surface of the 
lens symmetrically with respect to an origin point of the 
lens surface. Therefore, the conditions (3) and (4) also 
hold if the spectacle lens 1 has cylindrical refractive 
power . 

[0245] By determining the curvature of the upper portion 
of the inner surface 3 and the curvature of the lower 
portion of the inner surface 3 so that the curvatures 
satisfy the conditions (3) and (4), it becomes possible to 
accomplish a spectacle lens configured such that the upper 
portion of the lens is adapted to the distance vision and 
that the lower portion of the lens is adapted to the near 
vision. Such suitable performance for both of the distance 
vision and the near vision can be maintained even if the 
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spectacle lens 1 has cylindrical refractive power. 

[0246] Hereafter, the spectacle lens 11 according to the 
second embodiment will be described. As shown in Fig. 2A, 
the spectacle lens 11 has an outer surface 12 and an inner 
surface 13 configured to be a rotationally-asymmetrical 
aspherical surface and a surface having a symmetric 
property (e.g., a spherical surface), respectively. A 
point 14 is the centration point that coincides with a 
position of a pupil of an eye 5 when the spectacle lens 11 
is fitted to a frame (not shown) . 

[0247] In Fig. 2A, a normal line which is normal to the 
outer surface 12 through the centration point 14 is 
regarded as a zi-axis. A direction which is perpendicular 
to the zi-axis and which corresponds to a vertical 
direction in a state of wearing of the spectacle lens is 
regarded as a yi-axis. A direction which is perpendicular 
to the direction of the yi-axis and the direction of the 
Zi-axis in a left hand coordinate system is regarded as an 
xi-axis . 

[0248] As described in detail later, by configuring the 
outer surface 12 of the spectacle lens 11 of the second 
embodiment as the rotationally-asymmetrical aspherical 
surface, the spectacle lens 11 is corrected for aberrations 
so that the upper portion of the lens 11 is adapted to the 
distance vision and that the lower portion of the lens 11 
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is adapted to the near vision. 

[0249] In Fig. 2B, a point having a height h [mm] from 
the Zi-axis on an intersection line 17, which is formed 
between the outer surface 12 and a plane including the Zi- 
axis and forming an angle 0 [®] with respect to the Xi-axis, 
is represented by a polar coordinate (h,0) . Also, Ci(h, 0) 
represents a curvature measured along the intersection line 
17 at the point (h,0) . The angle 0 is 0° when the 
intersection line 7 coincides with the xi-axis, and 
increases as the intersection line 17 rotates 
counterclockwise on Fig. 2B. 

[0250] Plus directions of the xi-axis, yi-axis, Zi-axis 
and polar coordinate (h,0) are indicated in Figs. 2 A and 2B 
by the respective arrows. The centration point 14 
corresponds to an origin point of each of the xi-axis, yi- 
cixis, Zi-axis and polar coordinate (h,0). A plus direction 
of the Zi-axis corresponds to an eye side of the spectacle 
lens 11. A plus direction of the yi-axis corresponds to an 
upper side in the state of the wearing of the spectacle 
lens 11. 

[0251] In a case where h and 0 lie in respective ranges 
of 10£h£20 and 3Os0sl5O, the spectacle lens 11 satisfies 
condition (5) when C2-i(O,0)>O holds, and satisfies a 
condition (6) when C2-i(O,0)<O holds. 

Ci(h,0+18O)-Ci(h,0) < 0 (5) 
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Ci(h,e+180) -Ci(h,0) > 0 



( 6 ) 



[0252] In the conditions (5) and (6), the curvature 
Ci(h,6) is a curvature taken within an area R1 indicated by 
a hatch pattern in Fig. 2B. That is, the curvature Ci(h,0) 
is a curvature of the upper portion of the outer surface 12 
of the spectacle lens 11. Further, in the conditions (5) 
and (6), the curvature Ci(h, 0+180) is a curvature taken 
within an area located opposite to the area R1 on the outer 
surface 12 with respect to the centration point 14. That is, 
the curvature Ci(h, 0+180) is a curvature of the lower 
portion of the outer surface 12 of the spectacle lens 11. 
[0253] The condition (5) means that the curvature of the 
upper portion of the outer surface 12 is larger than that 
of the lower portion of the outer surface 12 when C 2 - 
i(O,0)>O holds. The condition (6) means that the curvature 
of the upper portion of the outer surface 12 is smaller 
than that of the lower portion of the outer surface 12 when 
C2-i(O,0)<O holds. 

[0254] By determining the curvature of the upper portion 
of the outer surface 12 and the curvature of the lower 
portion of the outer surface 12 so that the curvatures 
satisfy the conditions (5) and (6), it becomes possible to 
accomplish a spectacle lens configured such that the upper 
portion of the lens is adapted to the distance vision and 
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that the lower portion of the lens is adapted to the near 
vision. Such suitable performance for both of the distance 
vision and the near vision can be maintained even if the 
spectacle lens 11 has cylindrical refractive power. 

[0255] By combining the conditions (3) and (4), which 
are applied to a situation in which the spectacle lens has 
the inner surface configured to be the rotationally- 
asymmetrical aspherical surface, with the conditions (5) 
and (6), which are applied to a situation in which the 
spectacle lens has the outer surface configured to be the 
rotationally-asymmetrical aspherical surface, the following 
conditions (1) and (2) are derived. 

[0256] That is, in a case where h and 0 lie in 
respective ranges of 10£h£20 and 30^9^150, the spectacle 
lens according to the embodiments of the invention 
satisfies the condition (1) when C2-i(O,0)>O holds, and 
satisfies the condition (2) when C2-i(O,0)<O holds {C 2 - 



i(O,0)=C2(O,0)-Ci(O,0) ) . 

C2-i(h,0+18O)-C2-i(h,0) > 0 (1) 

C2-i(h,0+18O)-C2-i(h,0) < 0 (2) 



[0257] Hereafter, theoretical grounds concerning the 
above mentioned conditions (1) through (6) will be 
explained in detail. Typically, optical performance of a 
spectacle lens can be represented by an average refractive 
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power error and astigmatism in the periphery of the 
spectacle lens. When such aberrations are calculated, an 
optical arrangement shown in Fig. 3 is used. 

[0258] In Fig. 3, a center of rotation of eye 51 is 
positioned on an optical axis Ax of a spectacle lens 60, 
and a vertex spherical surface 50 is defined as a spherical 
surface which is tangential to an inner surface 62 of the 
spectacle lens 60 at a vertex of the inner surface 62 and 
which has a center of curvature which coincides with the 
center of rotation of eye 51. Each aberration is obtained 
with respect to an angle P [°] of a light beam passing 
through the center of rotation of eye 51. The angle p is 
formed between the light beam and the optical axis Ax. 

[0259] More specifically, the angle P is defined as an 
angle by which the eye of the wearer is rotated so that a 
line of sight of the eye coincides with a target light beam 
with respect to a situation in which a line of sight of the 
eye coincides with the optical axis Ax. The angle P is 
called an angle of rotation. 

[0260] Given that a distance from the vertex of the 
inner surface 62 to an image location when p is 0“ is 
represented by Lo [m] , and a distance, which is measured 
along the light beam incident on the eye with the angle of 
rotation p, from the vertex spherical surface 50 to the 
image location in a meridional cross section is represented 
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by Lm [m] . Further, given that a distance, which is 
measured along the light beam incident on the eye with the 
angle of rotation p, from the vertex spherical surface 50 
to the image location in a sagittal cross section is 
represented by Ls [m] . In this case, a meridional 
refractive power error DM [D] and a sagittal refractive 
power error DS[D] are determined by the following equations 



( 7 ) and ( 8 ) . 

DM=1/Lm - 1/Lo (7) 

DS=l/Ls - 1/Lo (8) 



[0261] Since the distance from a point to the image 
location changes with respect to the degree of convergence 
and the degree of divergence of the incident light beam 
(i.e., diopter Do [D];the inverse of an object distance 
[m] ) , DM and DS change as the diopter Do changes even if 
the angle of rotation p is kept constant . 

[0262] Since an average refractive power error AP is 
defined as an average of the DM and DS, and the astigmatism 
AS is defined as a difference between the DM and DS, the AP 
and AS are expressed by the following equations (9) and 



( 10 ). 

AP=(DM+DS)/2 (9) 

AS= DM-DS (10) 
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[0263] In general, when the spectacle lens Is designed, 
the amounts of aberrations DM, DS, AP and AS are calculated 
while the angle of rotation p and the diopter Do are 
changed. Then, an aspheric amount of a lens surface of the 
spectacle lens is determined so that the DM, DS, AP and AS 
becomes as small as possible. 

[0264] It is impossible to simultaneously make the DM 
and DS zero or to simultaneously make the AS and AP zero 
with regard to all possible values of the angle of rotation 
P even if the diopter Do is kept constant. Also, it is 
impossible to make each of the aberrations of DM, DS, AS 
and AP zero with regard to all possible values of the 
diopter Do even if the angle of rotation p is kept at a 
constant value other than zero. 

[0265] However, the inventor of the invention found out 
that each aberration (DM,DS,AP,AS) changes linearly with 
respect to the diopter Do when the angle of rotation p is 
kept at a constant value, and that the aberrations can be 
defined by the following approximation expressions (11) 



through (14). 

DMsADo+B ( 11 ) 

DSsC ( 12 ) 

APs(A/2)Do +(B + C)/2 (13) 

AS sA-Df) +(B -C) (14) 
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[0266] In the expressions (11) through (14), A. B and C 
are coefficients determined with respect to a certain angle 
of rotation p. As shown in Fig. 4, when refractive indexes 
of a front and a rear of an i-th refractive surface are 
represented by nj-i and ni, respectively, cosines of an 
incident angle 0i and an exit angle 01 ' of a ray of light 
with respect to the i-th refractive surface are represented 
by and ^i' , respectively, and curvatures in the 
meridional cross section and in the sagittal cross section 
at a point at which the ray of light passes through the i- 
th refractive surface are represented by Cmi and Csi, 
respectively, the coefficients A, B and C are expressed by 
the following equations (15) through (17). When the 
equations (15) through (17) are obtained, the ray of light 
emitted from an object point having a distance "do" from 
the outer surface of the lens is traced in accordance with 
a Coddington's expression, assuming that the lens is 
sufficiently thin. 

(15) 

B = -(«, -l)-C, + . . . ( 16) 

c = -(«1 -l)-c, +(^2 '-«i^2) C^2 -(1-«i)-C2 • " (17) 

[0267] The value of the coefficient A is a rate of 
change of DM with respect to the diopter Do . The 
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coefficient B is a value of DM itself when the diopter Do=0 
(i.e., the object distance is infinite). The coefficient C 
is a value of DS itself and takes a constant value without 
depending on the diopter Do. 

[0268] With regard to the equation (15), the coefficient 
A only depends on the angle formed between the ray of light 
and a normal to the lens surface, and does not depend on 
the curvature of an aspherical surface at a point at which 
the ray of light passes through the aspherical surface. 

That is, the coefficient A does not change as the degree of 
the aspherical surface changes to an extent as long as a 
base curve does not change . 

[0269] Except for a particular situation where the base 
curve of the lens is extremely deep, a relationship 
holds and therefore the coefficient A is negative when the 
refractive power of the lens is negative, and a 
relationship holds and therefore the coefficient A is 

positive when the refractive power of the lens is positive. 
[0270] With regard to the equation (16), since the 
equation (16) includes the curvature of the meridional 
cross section of the aspherical surface at the point at 
which the ray of light passes through the asherical surface, 
the coefficient B changes as the curvature of the 
aspherical surface changes. Therefore, a linear line 
representing the DM moves parallel to itself as the degree 
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of the aspherical surface changes . 

[0271] The equation (17) includes the curvature of the 
sagittal cross section of the aspherical surface. In 
general, a curvature of a sagittal cross section of a 
rot at ionally- symmetrical aspherical surface Cs(h) is 
determined by the following equation: 




where Z(h) represents a shape of the meridional cross 
section. That is, the cuvature of the sagittal cross 
section depends on the gradient of the meridional cross 
section, and does not change as the degree of the 
aspherical surface changes to a certain degree. 

[0272] Therefore, after a refractive index of material 
of the spectacle lens and a base curve are determined, an 
effective way, that a designer who wants to suitably 
correct the aberrations of the spectacle lens can adopt , is 
nothing but determining the coefficient B so that a balance 
between the aberrations becomes suitable by changing the 
curvature of the meridional cross section for each point on 
the aspherical surface. That is, it is impossible to 
accomplish a spectacle lens that has suitable performance 
for each of the distance vision and the near vision by only 
using a rotationally- symmetrical surface, because only the 
coefficient B can be controlled and therefore there is a 
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limit on the optical design of the spectacle lens for 
attaining a suitable balance between the aberrations. 

[0273] For the above mentioned reason, the spectacle 
lens according to the embodiments of the invention uses a 
rotationally-asymmetrical aspherical surface in which the 
upper portion and the lower portion of the surface have 
different shapes that are respectively suitable for the 
distance vision and the near vision. 

[0274] To calculate the aberrations of points which are 
symmetrical with respect to an optical center on the lens 
surface, a light beeun being incident on the lens surface 

with forming the angle +P (i.e., being incident from the 
upper side) and a light beam being incident on the lens 
with forming the angle -p (i.e., being incident on the lens 
from the lower side) will be considered. 

[0275] Hereafter, each symbol (a coefficient, a variable, 
and etc.) that represents an amount concerning the upper 
portion of the lens is assigned a subscript (+), and each 
symbol that represents an amount concerning the lower 
portion of the lens is assigned a subscript ( - ) . The upper 
portion and the lower portion of the lens have different 
aspheric amounts to differentiate the characteristic of 
aberrations in the upper portion from the characteristic of 
the aberrations in the lower portion of the lens. Further, 
the upper portion and the lower portion of the lens have 
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substantially the same shape. 

[0276] Therefore, even though the shapes of the upper 
portion and the lower portion of the lens are different 
from each other, the coefficient A (and C) is common to 
both of the upper portion and the lower portion of the lens. 
Accordingly, it is required that the coefficient B is 
determined individually with regard to the upper portion 
and the lower portion of the lens . 

[0277] With regard to the upper portion and the lower 
portion of the lens, the equation (16) is expressed by the 
following equations (16a) and (16b). 

^(+) “ (”l^l (+) ~^l(+) )* (^2(+) (+))^ ’^1 (+) ‘^"*1(+) ~ (”l + 

I \ -2 i ^ •••(16a) 

1^2 (<-) —”l^2(+) j’ ^2 (+) *^^2(+) ~(l~”l)'^2 

■®(-) “ (” l^l (-) )" (^ 2 (-) /^2 (-))^ '^1 (-) “(^1 

I \ -2 /X •••(16b) 

1^2 (~)~^1^2(-) )' ^2 (-) *^^2{-) 

[0278] Since an angle that a ray of light forms with 
respect to the refractive surface within the upper portion 
of the lens and an angle that a ray of light forms with 
respect to the refractive surface within the lower portion 
of the lens are substantially the same, the following 
relationships of ^i( + )=^i(.) , ' ( + >=^i ' (_) , ^ 2 ( + )=^ 2 (-) . and 

^ 2 ' (+)=i 2 ' (-) hold. Therefore, when these angles are 
represented by ^i, . % 2 . and % 2 ’ . respectively, and the 
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equation (16b) is subtracted from the equation (16a), the 
following equation (19) is obtained. 

= ( ni ^ i '- 1 ^, ) • (^2 / ^2 ... (19 ) 

i ^2 "”1^2)' ^2 ’(^^2(+) ”^^2(-)) 

In the equation (19), ( ni|i ' -|i ) (^ 2 /^ 2 ' ) and (§2 ' -ni| 2 )i 2 ' ' 

^ are regarded as contributions of the curvature of the 
lens surface to the aberrations, and become (ni-1) and (1- 
ni) , respectively, when the ray of light is incident on the 
lens surface perpendicularly. 

[0279] When the inner surface of the lens is a 
rotationally-asymmetrical aspherical surface and the outer 
surface of the lens is a surface having a symmetric 
property (e.g., a spherical surface, a toric surface, a 
rotationally- symmetrical surface and the like), Cmi(+)-Cmi(. 
)=0 holds and therefore the equation (19) can be changed to 
the following equation (20). 

■®(+) “ (^2 "”1^2)’ ^2 '(^^2(+) ~^^2(-)) ' ' ’ ( 20 ) 

[0280] In the case of a minus lens, C2-Ci>0 holds. 

Further, each of the DM, AP and AS increases as the diopter 
Do decreases (i.e., as the object distance decreases) 
because the coefficient A is negative. Therefore, to 
suppress an increase of each aberration for the near vision, 
B(.) is required to be lower than B( + ) (i.e., B( + )>B(.)). By 
further considering that (^ 2 ' -ni^ 2 )^ 2 ' '^<0 holds, the 



51 




following relationship can be derived from the equation 
( 20 ) . 

Cm2 ( - ) ~ Cm2 ( + ) ^ 0 

[0281] The above inequality (Cm2(-)-Cm2(+)>0) means that 
the curvature of the inner surface in the upper portion 
thereof is smaller than the curvature of the inner surface 
in the lower portion thereof . Thus , the grounds of the 
condition (3) have been shown. 

[0282] In the case of a plus lens, C2-Ci<0 holds. 

Further, each of the DM, AP and AS decreases as the diopter 
Do decreases because the coefficient A is positive. 
Therefore, in contrast to the case of the minus lens, to 
suppress an increase of each aberration for the near vision, 
B(-) is required to be larger than B(+> (i.e., B( + )<B{.)). By 
further considering that (^ 2 ' - 01 ^ 2 ) 12 ' ’^<0 holds, the 
following relationship can be derived from the equation 
( 20 ) . 

Cm2 ( - ) “ Cm2 ( + ) < 0 

[0283] The above inequality (Cm 2 (-)-Cm 2 ( + )<0 ) means that 
the curvature of the inner surface in the upper portion 
thereof is larger than the curvature of the inner surface 
in the lower portion thereof. Thus, the grounds of the 
condition (4) have been shown. 

[0284] When the outer surface of the lens is a 
rotationally- asymmetrical aspherical surface and the inner 
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surface of the lens is a surface having a symmetric 
property (e.g., a spherical surface, a toric surface, a 
rotationally- symmetrical surface and the like), Cm 2 ( + )-Cm 2 (- 
)=0 holds and therefore the equation (19) can be changed to 
the following equation (21). 

• • • ( 21 ) 

[0285] In the case of a minus lens, C2-Ci>0 holds. 
Further, it is required that B( + >>B(.) holds. By further 
considering that (ni^i ' -^i) (^ 2/^2 ' ) ' '^>0 holds, the 

following relationship can be derived from the equation 

( 21 ). 

Cmi ( - ) — Cmi { + ) < 0 

[0286] The above inequality (Cmi(.)-Cmi( + )<0 ) means that 
the curvature of the outer surface in the upper portion 
thereof is larger than the curvature of the outer surface 
in the lower portion thereof. Thus, the grounds of the 
condition (5) have been shown. 

[0287] In the case of the plus lens, C2-Ci<0 holds. 
Further, it is required that B( + )<B(.) holds. By further 
considering that (ni^i ' -^ 1 ) (^ 2/^2 ' )^li ' ’^>0 holds, the 
following relationship can be derived from the equation 
( 21 ) . 

Cmi(.) - Cmi( + ) > 0 

[0288] The above inequality (Cmi(.)-Cmi( + )>0) means that 
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the curvature of the outer surface in the upper portion 
thereof is smaller than the curvature of the outer surface 
in the lower portion thereof . Thus , the grounds of the 
condition (6) have been shown. 

[0289] In a case where both of the outer and inner 
surfaces of the lens are rot at ionally- asymmetrical 
aspherical surfaces , it is required to use the equation 
(19) as it is. However, and should be removed from 
conditions to be satisfied by the spectacle lens because 
the ^ and are cosines of the angles formed by the ray of 
light and the refractive surface. Thus, by the neglect of 
the ray of light that is incident on the lens surface 
obliquely (i.e., by respectively replacing (ni^i'- 
ii) (^ 2 /^ 2 ' and (I 2 ’ -ni^ 2 )| 2 ' with (ni-1) and (1-ni) that 
holds for the ray of light incident on the lens surface 
perpendicularly), the equation (19) can be changed to an 
equation (22) as indicated below. 

B(+)-B(-) = (ni-l) [ Cmi( + ) -Cmi(-) ] + (l-ni) [ Cm2{ + ) - Cm2(- > ] 

= (ni-l) [ [Cm 2 (.)-Cmi(.) ] - [Cm 2 ( + )-Cmi( + ) ] ] • • * (22) 

[0290] In the case of the minus lens, C2-Ci>0 holds. 
Further, it is required that B( + )>B(.) holds. By further 
considering that (ni-l)>0 holds, the following relationship 
can be derived from the equation (22). 

[Cm2(-)-Cmi(-) ] - [Cm2( + )-Cmi( + ) ] > 0 
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This inequality means that a difference between the 
curvature of the upper portion of the inner surface and the 
curvature of the upper portion of the outer surface is 
smaller than a difference between the curvature of the 
lower portion of the inner surface and the curvature of the 
lower portion of the outer surface. Thus, the grounds of 
the condition (1) have been shown. 

[0291] In the case of the plus lens, C2-Ci<0 holds. 
Further, it is required that B( + )<B(-> holds. By further 
considering that (ni-l)<0 holds, the following relationship 
can be derived from the equation (22). 

[Cm2(-)-Cmi(.)]-[Cm2( + )-Cmi( + )] < 0 

This inequality means that the difference between the 
curvature of the upper portion of the inner surface and the 
curvature of the upper portion of the outer surface is 
larger than the difference between the curvature of the 
lower portion of the inner surface and the curvature of the 
lower portion of the outer surface. Thus, the grounds of 
the condition (2) have been shown. 

[0292] Hereafter, twelve concrete examples according to 
the embodiments of the invention and six comparative 
examples are described. In the following, two examples and 
one comparative example are shown for each of six types of 
dioptric power. All of spectacle lenses shown in the 
following examples and comparative examples have the same 
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refractive index of 1.67. 



[0293] FIRST EXAMPLE 

[0294] A spectacle lens according to a first example 

will be described below using numerical references shown in 
Fig. 1. The spectacle lens according to the first example 
is a minus lens that is not prescribed cylindrical 
refractive power (cylindrical power) . Specifications of the 
spectacle lens of the first example are indicated in Table 
1 . As shown in Table 1 , the outer surface 2 is a spherical 
surface having a curvature shown in Table 1 , the inner 
surface 3 is a rotationally- asymmetrical aspherical surface. 
[0295] TABLE 1 

SPHERICAL POWER SPH -4.00[D] 

CURVATURE OF OUTER SURFACE Cl 1.35[D] 

(SPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 7.36[D] 

( ROTATIONALLY-ASYMMETRICAL 
ASPHERICAL SURFACE) 

CENTRAL THICKNESS 1 . 10[mm] 

[0296] Fig. 5A is a list showing a distribution of the 
curvature Ci(h,0) which is obtained on the outer surface 2 
at each point having the polar coordinate (h,6) represented 
by the height h from the centration point 4 and the angle 0 
of the intersection line 7 with respect to the x-axis. 

Since the outer surface 2 is spherical, the curvatures 

Ci(h,0) at all of the points on the outer surface 2 are the 
scime. Fig. 5B is a list showing a distribution of the 
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curvature C2(h,0) which is obtained on the inner surface 3 
at each point having the polar coordinate (h,0) . 

[0297] Fig. 6A is a graph illustrating the change of the 
curvature Cx(h,0) for each of the angle 0 of 0®, 45°. 90°, 
135°, 180°, 225°, 270° and 315° with respect to the change 
of the height h. In Fig. 6A (and in the following similar 
graphs), a horizontal axis represents the curvature, and a 
vertical axis represents the height h. Since the outer 
surface 2 is spherical, the change of the curvature Ci(h,0) 
is represented by a linear line on which all of the changes 
of the curvature Ci(h,0) at different angles 0 are 
overlapping one another. 

[0298] Fig. 6B is a graph illustrating the change of the 
curvature C2(h,0) for each of the angle 0 of 0°, 45°, 90°, 
135°. 180°, 225°, 270° and 315° with respect to the change 
of the height h. In Fig, 6B, curves of the angles 0 of 0° 
and 180° are overlapping one another. On the left side of 
the curve of the angle 0 of 0° (180°) on Fig. 6B, a curve 
on which the changes of the curvatures of the angles 0 of 
45° and 135° are overlapping and a curve of the angles 0 of 
90° are indicated in order of the decreasing amount of the 
curvature. On the right side of the curve of the angle 0 of 
0° (180°) on Fig. 6B, a curve on which the changes of the 
curvatures of the angles 0 of 22 5° and 315° are overlapping 
and a curve of the angles 0 of 270° are indicated in order 
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of the increasing amount of the curvature. 



[0299] Fig. 7A is a graph illustrating the change of the 
curvature Ci(h,6) for each of the heights h of 10mm, 15mm, 

20mm and 25mm with respect to the change of the angle 0. In 

Fig. 7A (and in the following similar graphs), a horizontal 
axis represents the angle 6, and a vertical axis represents 
the curvature. Since the outer surface 2 is spherical, the 
change of the curvature Ci(h,0) is represented by a linear 
line on which all of the changes of the curvature Ci(h,0) 
at different heights h are overlapping one another. 

[0300] Fig. 7B is a graph illustrating the change of the 
curvature C2(h,0) for each of the heights h of 10mm, 15mm, 

20mm and 25mm with respect to the change of the angle 0. As 

shown in Fig. 7B, for all of the curves of the heights of 
10mm, 15mm, 20mm and 25mm, the curvature C2(h,0) takes the 
minimum value at the angle 0 of 90° (i.e., in the upper 
portion) and takes the maximum value at the angle 0 of 270° 
(i.e., in the lower portion). 

[0301] Fig. 8A is a graph illustrating the change of the 
value of Ci(h,0+18O) -Ci(h,0) of the condition (3) for each 
of the heights h of 10mm, 15mm, 20mm and 25mm with respect 
to the change of the angle 0. In Fig. 8A (and in the 
following similar graphs ) , a horizontal axis represents the 
angle 0, and a vertical axis represents Ci(h, 0+180) -Ci(h,0) . 
Since the outer surface 2 is spherical, the change of 
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Ci(h,0+18O) -Ci(h,0) is represented by a linear line on 
which all of the changes of Ci ( h, 0+180 ) -Ci(h,0) at 
different heights h are overlapping one another. 

[0302] Fig. 8B is a graph illustrating the change of the 
value of C 2 (h, 0+180) -C2(h,0) of the condition (3) for each 
of the heights h of 10mm, 15mm, 20mm and 25mm with respect 
to the change of the angle 0. As shown in Fig. 8B, for all 
of the curves of the heights h of 10mm, 15mm, 20mm and 25mm, 
the value of C2(h,0+18O) -C2(h,0) takes the maximum value at 
the angle 0 of 90° (i.e., in the upper portion) and takes 
the minimum value at the angle 0 of 270° (i.e., in the 
lower portion) . 

[0303] Further, as shown in Fig. 8B, the amplitude of 
the change of C2(h,0+18O) -C2(h,0) becomes greater as the 
height h increases. In Fig. 8B, a point on the curve of the 
height h=10 at the angle 0=90° takes the value of 
C 2 ( 10 , 270 ) -C 2 ( 10 , 90 ) . As can be seen from Fig. 5B, 

C2(10,270) and € 2 ( 10 , 90) are 7.00 and 6.70, respectively. 
Therefore, the value of the curve the height h=10 at the 
angle 0=90° is 0.30. It is obvious from Fig. 8B that 
C 2 ( h, 0+180 ) -C 2 (h, 0 ) is positive for each of the heights h 
of 10mm, 15mm, 20mm and 25mm within the range of 3Os0sl5O. 
Accordingly, the spectacle lens according to the first 
example satisfies the condition (3). 

[0304] Fig. 9 is a graph illustrating the change of the 
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value of C2-i(h,0+18O) -C2-i(h,0) of the condition (1) for 
each of the heights h of 10mm, 15mm, 20mm and 25mm with 
respect to the change of the angle 0. As shown in Fig, 9, 
for all of the curves of the heights h of 10mm, 15mm, 20mm 
and 25mm, the value of C 2 -i(h, 0+180) -C2-i(h,0) takes the 
maximum value at the angle 0 of 90° ( i . e . , in the upper 
portion) and takes the minimum value at the angle 0 of 270° 
(i.e., in the lower portion), 

[0305] It is obvious from Fig, 9 that C 2 -i(h, 0+180) -C 2 - 
i(h,0) is positive for each of the heights h of 10mm, 15mm, 
20mm and 25mm within the range of 3Os0sl5O. Accordingly, 
the spectacle lens according to the first example satisfies 
the condition (1), 

[0306] Figs, lOA and lOB represent optical performance 
of the spectacle lens of the first example. Figs, lOA and 
lOB are three dimensional graphs of the average refractive 
power error and the astigmatism, respectively. In each of 
Figs. lOA and lOB (and the following similar graphs), a 
plane graph has an axis of the angle of rotation pv in the 
vertical direction and has an axis of the angle of rotation 
Ph in the horizontal direction. Further, a vertical axis in 
Fig lOA represents the amount of the aberration AP [D] (the 
average refractive power error) . Further, a vertical axis 
in Fig lOB represents the amount of the aberration AS[d] 
(the astigmatism) . 



60 




[0307] In each of graphs of Figs. lOA and lOB, the 
aberration is indicated by continuously assigning the 
object distance raging from infinity (Do=0) to 250 mm (Do=- 
4) to the range of 50° though 50° of the angle of rotation 
pv in the vertical axis. That is. the aberration is 
evaluated for each object distance that is assigned to the 
corresponding angle of rotation Pv. 

[0308] More specifically, a longer object distance is 
used to evaluate the aberration in the upper portion of the 
lens because optical performance for the distance vision is 
important in the upper portion of the lens. On the other 
hand, a shorter object distance is used to evaluate the 
aberration in the lower portion of the lens because optical 
performance for the near vision is important in the lower 
portion of the lens . The above mentioned properties of the 
three dimensional graphs of the aberrations also apply to 
the similar graphs shown in the following examples and 
comparative examples . 

[0309] SECOND EXAMPLE 

[0310] A spectacle lens according to a second example 
will be described below using numerical references shown in 
Fig . 2 . The spectacle lens according to the second example 
is a minus lens that is not prescribed cylindrical power. 
Specifications of the spectacle lens of the second example 
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are Indicated in Table 2 . As shown in Table 2 , the inner 
surface 13 is a spherical surface having a curvature shown 
in Table 2, and the outer surface 12 is a rotationally- 
asymmetrical aspherical surface. 

[0311] TABLE 2 

SPHERICAL POWER SPH -4.00[D] 

CURVATURE OF OUTER SURFACE Cl 6.77[D] 

( ROTATIONALLY- ASYMMETRICAL 
ASPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 12.80[D] 

( SPHERICAL SURFACE ) 

CENTRAL THICKNESS 1. 10[mm] 

[0312] Fig. IIA is a list showing a distribution of the 
curvature Ci(h,0) which is obtained on the outer surface 12 
at each point having the polar coordinate (h,0) . Fig. IIB 
is a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 13 at each point 
having the polar coordinate (h,0). Since the inner surface 
13 is spherical, the curvatures C2(h,0) at all of the 
points on the inner surface 13 are the same. 

[0313] Figs. 12A and 12B are graphs respectively 

illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the angle 0 of 0°, 45“ , 90“ , 135“, 180“, 
225“, 270° and 315“ with respect to the change of the height 
h. 

[0314] In Fig. 12A, curves of the angles 0 of 0“ and 
180“ are overlapping one another. On the left side of the 
curve of the angle 0 of 0“ (180“) on Fig. 12A, a curve on 
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which the changes of the curvatures of the angles 0 of 225® 
and 315° are overlapping and a curve of the angles 0 of 
270° are indicated in order of the decreasing amount of the 
curvature. On the right side of the curve of the angle 0 of 
0° (180°) on Fig. 12A, a curve on which the changes of the 
curvatures of the angles 0 of 45° and 135° are overlapping 
and a curve of the angles 0 of 90° are indicated in order 
of the increasing eimount of the curvature. 

[0315] Since the inner surface 13 is spherical, the 
change of the curvature C 2 (h, 0 ) is represented by a linear 
line on which all of the changes of the curvature C 2 (h, 0 ) 
at different angles 0 are overlapping one another on Fig. 
12B. 

[0316] Figs. 13A and 13B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the heights h of lOtnm, 15mm, 20mm and 
25mm with respect to the change of the angle 0. 

[0317] As shown in Fig. 13A, for all of curves of the 
heights of 10mm, 15mm, 20mm and 25mm, the curvature Ci(h,0) 
takes the maximum value at the angle 0 of 90° (i.e., in the 
upper portion) and takes the minimum value at the angle 0 
of 270° (i.e., in the lower portion). Since the inner 
surface 13 is spherical, the change of the curvature 
C 2 (h, 0 ) is represented by a linear line on which all of the 
changes of the curvature C 2 (h, 0 ) at different heights h are 
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overlapping one another. 

[0318] Figs. 14A and 14B are graphs respectively 
illustrating the changes of the value of Ci(h,0+18O)- 
Ci(h, 6 ) of the condition (5) and the value of C2(h,0+18O)- 
C 2 (h, 0 ) of the condition (3) for each of the heights h of 
lOnun, 15mm, 20mm and 25mm with respect to the change of the 
angle 0 . 

[0319] As shown in Fig. 14A, for all of curves of the 

heights h of 10mm, 15mm, 20mm and 25mm, the value of 
Ci(h,0+18O) -Ci(h,0) takes the minimum value at the angle 0 
of 90° (i.e., in the upper portion) and takes the maximum 
value at the angle 0 of 270° (i.e., in the lower portion). 
[0320] Further, as shown in Fig. 14A, the amplitude of 
the curve of Ci(h, 0+180) -Ci(h,0) becomes greater as the 
height h increases. It is obvious from Fig. 14A that 
Ci(h,0+18O) -Ci(h,0) is negative for each of the heights h 
of 10mm, 15mm, 20mm and 25mm within the range of 3Os0sl5O. 
Accordingly, the spectacle lens according to the second 
example satisfies the condition (5). Since the inner 
surface 13 is spherical, the change of C 2 (h, 0+180) -C2(h,0) 
is represented by a linear line on which all of the changes 
of C 2 ( h, 0+180 ) -C 2 (h, 0 ) at different heights h are 
overlapping one another. 

[0321] Fig. 15 is a graph illustrating the change of the 
value of C 2-1 (h, 0+180 ) -C2-i(h,0) of the condition (1) for 
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each of the heights h of lOinin, 15mni, 20irun and 25nun with 
respect to the change of the angle 6. As shown in Fig. 15, 
for all of the curves of the heights h of lOmm, 15mm, 20mm 
and 25mm, the value of C 2-1 (h, 0+180 ) -C 2 -i(h, 0) takes the 
maximum value at the angle 0 of 90° (i.e., in the upper 
portion) and takes the minimum value at the angle 0 of 270° 
(i.e., in the lower portion). 

[0322] It is obvious from Fig. 15 that C 2-1 (h, 0+180 ) -C 2 - 
i(h,0) is positive for each of the heights h of 10mm, 15mm, 
20mm and 25mm within the range of 30^0^150. Accordingly, 
the spectacle lens according to the second example 
satisfies the condition (1). 

[0323] Figs. 16A and 16B represent optical performance 
of the spectacle lens of the second exeimple. Figs. 16A and 
16B are three dimensional graphs of the average refractive 
power error and the astigmatism, respectively. 

[0324] FIRST COMPARATIVE EXAMPLE 

[0325] A spectacle lens according to a first comparative 
example will be described below using numerical references 
shown in Fig. 2. The spectacle lens of the first 
comparative example has the same spherical refractive power 
(spherical power) and the center thickness as those of the 
first and second examples. Specifications of the spectacle 
lens of the first comparative example are indicated in 
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Table 3. As shown in Table 3, the inner surface 13 is a 
spherical surface having a curvature shown in Table 3, and 
the outer surface 12 is a rotationally- symmetrical 
aspherical surface . 

[0326] TABLE 3 

SPHERICAL POWER SPH -4.00[D] 

CURVATURE OF OUTER SURFACE Cl 2.44[D] 

( RATATIONALL - SYMMETRICAL 
ASPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 8.46[D] 

(SPHERICAL SURFACE) 

CENTRAL THICKNESS 1. 10[mm] 

[0327] Fig. 17A is a list showing a distribution of the 
curvature Ci(h,6) which is obtained on the outer surface 12 
at each point having the polar coordinate (h,0). Fig. 17B 
is a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 13 at each point 
having the polar coordinate (h,0) . Since the inner surface 
13 is spherical, the curvatures C2(h,0) at all of the 
points on the inner surface 13 are the same. 

[0328] Figs. 18A and 18B are graphs respectively 

illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the angle 0 of 0°, 45°, 90°, 135°, 180°, 
225°, 270° and 315° with respect to the change of the height 
h. 

[0329] The outer surface 12 is the rotationally- 
symmetrical aspherical surface. Therefore, even though the 
change of the curvature Ci(h,0) is represented by a curve. 
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all of the changes of the curvature Ci(h,0) at different 
angles 6 are overlapping one another on the curve shown in 
Fig. 18A. Since the inner surface 13 is spherical, the 
change of the curvature C 2 (h, 0 ) is represented by a linear 
line on which all of the changes of the curvature C 2 (h, 0 ) 
at different angles 0 are overlapping one another. 

[0330] Figs. 19A and 19B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the heights h of lOmtn, 15mm, 20mm and 
25mm with respect to the change of the angle 0. 

[0331] Since the curvature Ci(h,0) does not change with 
respect to the change of the angle 0, the curvature 
Ci(h,0) is represented by a linear line for each of the 
heights of 10mm, 15mm, 20mm and 25mm in Fig. 19A. Since the 
inner surface 13 is spherical, the change of the curvature 
C 2 (h, 0 ) is represented by a linear line on which all of the 
changes of the curvature C 2 (h, 0 ) at different heights h are 
overlapping one another in Fig. 19B. 

[0332] Figs. 20A and 20B are graphs respectively 
illustrating the changes of the value of Ci(h, 0+180)- 
Cx(h,0) of the condition (5) and the value of C2(h,0+18O)- 
C2(h,0) of the condition (3) for each of the heights h of 
10mm, 15mm, 20mm and 25mm with respect to the change of the 

angle 0. Fig. 21 is a graph illustrating the change of the 
value of C 2-1 (h, 0+180 ) -C 2 -i(h, 0) of the condition (1) for 
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each of the heights h of 10mm, 15mm, 20mm and 25mm with 
respect to the change of the angle 0. 

[0333] Since both of the outer and inner surfaces are 
rotationally- symmetrical, the value of Ci(h,0+18O) -Ci(h,6) 
of the condition (5), the value of CaCh, 0+180 ) -C2(h,0) the 
condition (3) and the value of Ca-iCh, 0+180 ) -Ca-iCh, 0 ) of the 
condition (1) take a constant value of zero. Accordingly, 
the first comparative example does not satisfy the 
conditions (1), (3) and (5). 

[0334] Figs. 22A and 22B represent optical performance 
of the spectacle lens of the first comparative example. 
Figs. 22A and 22B are three dimensional graphs of the 
average refractive power error and the astigmatism, 
respectively. By comparing Fig. 22A with Figs. lOA and 16A 
and comparing Fig. 22B with Figs. 12B and 16B, it is 
understood that the aberrations are sufficiently corrected 
in each of the first and the second exeimples . 

[0335] THIRD EXAMPLE 

[0336] A spectacle lens according to a third example 
will be described below using numerical references shown in 
Fig. 1. The spectacle lens according to the third example 
is a minus lens that is prescribed cylindrical power. 
Specifications of the spectacle lens of the third example 
are indicated in Table 4 . As shown in Table 4 , the outer 
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surface 2 Is a spherical surface having a curvature shown 
in Table 4 , and the inner surface 3 is a rotationally- 
asymmetrical aspherical surface. 

[0337] TABLE 4 



SPHERICAL POWER SPH 


-4.00[D] 


CYLINDRICAL POWER CYL 


-4.00[D] 


ASTIGMATIC AXIS AX 


0[°] 


CURVATURE OF OUTER SURFACE Cl 
(SPHERICAL SURFACE) 


1.35[D] 


CURVATURE OF INNER URFACE C2 
( ROTATIONALLY- ASYMMETRICAL 
ASPHERICAL SURFACE) 


7.36~13.38[D] 


CENTRAL THICKNESS 


1 . 10 [mm] 



[0338] Fig. 23A is a list showing a distribution of the 
curvature Ci(h,0) which is obtained on the outer surface 2 
at each point having the polar coordinate (h,0) . Fig. 23B 
is a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 3 at each point 
having the polar coordinate (h,0). Since the outer surface 
2 is spherical, the curvatures Ci(h,0) at all of the points 
on the outer surface 2 are the same. 

[0339] Figs. 24A and 24B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the angle 0 of 0°, 45®, 90°, 135°, 180°, 
225°, 270° and 315° with respect to the change of the height 
h. 

[0340] Since the outer surface 2 is spherical, the 
change of the curvature Ci(h,0) is represented by a linear 
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line on which all of the changes of the curvature Ci(h,0) 
at different angles 0 are overlapping one another in Fig. 
24A. 

[0341] In Fig. 24B, curves of the angles 0 of 0° and 
180° are overlapping one another and take the minimum value 
of the curvature C 2 (h, 0 ) of all curves having different 
angles 0. On the right side of the curve of the angle 0 of 
0° (180°) on Fig. 24B, a curve on which the changes of the 
curvatures of the angles 0 of 45° and 135° are overlapping, 
a curve on which the changes of the curvatures of the 
angles 0 of 225° and 315° are overlapping, a curve of the 
angles 0 of 90° and a curve of the angles 0 of 270° are 
indicated in order of the increasing amount of the 
curvature. Since the inner surface 3 has the cylindrical 
power, the curves of the curvatures for different angles 0 
take different values at the height h=0 . 

[0342] Figs. 25A and 25B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the heights h of 10mm, 15mm, 20mm and 
25mm with respect to the change of the angle 0. 

[0343] Since the outer surface 2 is spherical, the 
change of the curvature Ci(h,0) is represented by a linear 
line on which all of the changes of the curvature Ci(h,0) 
at different heights h are overlapping one another on Fig. 
25A. As shown in Fig. 25B, for all of curves of the heights 
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of 10mm, 15mm, 20mm and 25mm, the curvature C2(h,0) changes 
like a sine wave with respect to the change of the angle 0, 
and takes a peak value at the angle 0 of 90° (i.e., in the 
upper portion) and a peak value at the angle 0 of 270° 

(i.e., in the lower portion). The peak value at the angle 
0 of 90° is smaller than the peak value at the angle 0 of 
270°. 

[0344] Figs. 26A and 26B are graphs respectively 
illustrating the changes of the value of Ci(h, 0+180)- 
Ci(h,0) of the condition (5) and the value of C2(h,0+18O)- 
C2(h,0) of the condition (3) for each of the heights h of 
10mm, 15mm, 20mm and 25mm with respect to the change of the 
angle 0. 

[0345] Since the outer surface 2 is spherical, the 
change of the value of Ci(h, 0+180) -Ci(h,0) is represented 
by a linear line on which all of the changes of 
Ci(h, 0+180) -Ci(h,0) at different heights h are overlapping 
one another on Fig. 26A. 

[0346] As shown in Fig. 26B, for all of curves of the 

heights h of 10mm, 15mm, 20mm and 25mm, the value of 
C 2 { h, 0+180 ) -C 2 (h, 0 ) takes the maximum value at the angle 0 
of 90° (i.e., in the upper portion) and takes the minimum 
value at the angle 0 of 270° (i.e., in the lower portion). 
Further, as shown in Fig. 26B, the amplitude of the curve 
of C 2 (h, 0+180) -C 2 (h, 0 ) becomes greater as the height h 
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increases. It is obvious from Fig. 26B that CaCh, 0+180 ) - 
C2(h,0) is positive for each of the heights h of lOiran, 15mm, 
20mm and 25mm within the range of 30^0^150. Accordingly, 
the spectacle lens according to the third example satisfies 
the condition (3). 

[0347] Fig. 27 is a graph illustrating the change of the 
value of C 2 -i(h, 0+180) -C2-i(h,0) of the condition (1) for 
each of the heights h of 10mm, 15mm, 20mm and 25mm with 
respect to the change of the angle 0. As shown in Fig. 27, 
for all of the curves of the heights h of 10mm, 15mm, 20mm 
and 25mm, the value of C2-i(h,0+18O) -C2-i(h,0) takes the 
maximum value at the angle 0 of 90° (i.e. , in the upper 
portion) and takes the minimum value at the angle 0 of 270° 
(i.e. , in the lower portion) . 

[0348] It is obvious from Fig. 27 that C 2-1 (h, 0+180 ) -C 2 - 
i(h,0) is positive for each of the heights h of 10mm, 15mm, 
20mm and 25mm within the range of 30^0^150. Accordingly, 
the spectacle lens according to the third excunple satisfies 
the condition ( 1 ) . 

[0349] Figs. 28A and 28B represent optical performance 

of the spectacle lens of the third exeunple . Figs . 28A and 
28B are three dimensional graphs of the average refractive 
power error and the astigmatism, respectively. 

[0350] FOURTH EXAMPLE 
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[0351] A spectacle lens according to a fourth example 
will be described below using numerical references shown in 
Fig. 2. The spectacle lens according to the fourth example 
is a minus lens and has cylindrical power. Specifications 
of the spectacle lens of the fourth example are indicated 
in Table 5. As shown in Table 5, the inner surface 13 is a 
toric surface having a curvature shown in Table 5, the 
outer surface 12 is a rotationally-asymmetrical aspherical 
surface . 

[0352] TABLE 5 

SPHERICAL POWER SPH 
CYLINDRICAL POWER CYL 
ASTIGMATIC AXIS AX 
CURVATURE OF OUTER SURFACE Cl 
( ROTATIONALLY-ASYMMETRICAL 
ASPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 
(TORIC SURFACE) 

CENTRAL THICKNESS 



-4.00[D] 

-4.00[D] 

0 [°] 

2.44ED] 



8.46~14.47[D] 
1 . 10 [mm] 



[0353] Fig. 29A is a list showing a distribution of the 
curvature Ci(h,0) which is obtained on the outer surface 12 
at each point having the polar coordinate (h,0). Fig. 29B 
is a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 13 at each point 
having the polar coordinate (h,0) . 

[0354] Figs. 30A and 30B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h.0) for each of the angle 0 of 0°, 45°, 90°. 135°, 180°, 
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225°, 270° and 315° with respect to the change of the height 
h. 

[0355] In Fig. 30A, curves of the angles 0 of 0° and 
180° indicated by solid lines are overlapping one another. 
On the left side of the curve of the angle 6 of 0° (180°) 
on Fig. 30A, a curve on which the changes of the curvatures 
of the angles 0 of 225° and 315° are overlapping and a 
curve of the angles 0 of 270° are indicated in order of the 
decreasing amount of the curvature. On the right side of 
the curve of the angle 0 of 0° (180°) on Fig. 30A, a curve 
of the angle 0 of 90° and a curve on which the changes of 
the curvatures of the angles 0 of 45° and 135° are 
overlapping are indicated in order of the increasing amount 
of the curvature . 

[0356] Since the inner surface 13 is the toric surface, 
a linear line (a solid line) on which the changes of the 
curvatures C 2 (h, 0 ) of the angles 0 of 0° and 180° are 
overlapping, a linear line on which the changes of the 
curvatures C2(h,0) of the angles 0 of 45°, 135°, 225° and 
315° are overlapping, and a linear line on which the 
changes of the curvatures Ci(h,0) of the angles 0 of 90° 
and 270° are overlapping are indicated in order of the 
increasing amount of the curvature. 

[0357] Figs. 31A and 31B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 



74 




C2(h,0) for each of the heights h of lOnun, 15nun, 20mm and 
25mm with respect to the change of the angle 0. 

[0358] As shown in Fig. 31A, for all of curves of the 
heights of 10mm, 15mm, 20mm and 25mm, the curvature Ci(h,0) 
takes the maximum value within the range of the angle 
0=45°~135° (i.e., in the upper portion), and takes the 
minimum value at the angle 0 of 270° (i.e., in the lower 
portion). Further, as shown in Fig. 31A, within a 
considerable range of the angle 0, the curvature Ci(h,0) 
increases as the height h increases for each of the curves , 
an the difference between the curvature at the upper 
portion and the curvature of the lower portion becomes 
greater for each of the curves as the height h increases. 
[0359] As shown in Fig. 31B, since the inner surface 13 
is the toric surface, the change of the curvature C 2 (h, 0 ) 
is represented by a curve like a sine wave on which all of 
the changes of the curvature C 2 (h, 0 ) at different heights h 
are overlapping one another. 

[0360] Figs. 32A and 32B are graphs respectively 
Illustrating the changes of the value of Ci(h,0+18O)- 
Ci(h,0) of the condition (5) and the value of C2(h,0+18O)- 
C2(h,0) of the condition (3) for each of the heights h of 
10mm, 15mm, 20mm and 25mm with respect to the change of the 
angle 0. 

[0361] As shown in Fig. 32A, for all of curves of the 
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heights h of 10mm, 15mm, 20mm and 25mm, the value of 
Cl (h, 0+180)- Cl (h, 6) takes the minimum value at the angle 0 
of 90° (i.e., in the upper portion) and takes the maximum 
value at the angle 0 of 270° (i.e., in the lower portion). 
Further, as shown in Fig. 32A, the amplitude of the curve 
of Ci(h, 0+180) -Ci(h,0) becomes greater as the height h 
increases. It is obvious from Fig. 32A that Ci(h, 0+180 )- 
Ci(h,0) is negative for each of the heights h of 10mm, 15mm, 

20mm and 25mm within the range of 3Os0sl5O. Accordingly, 
the spectacle lens according to the fourth example 
satisfies the condition (5). 

[0362] Since the inner surface 13 is the toric surface, 
curvatures on symmetrical points on the surface are the 
same, and therefore the change of C 2 <h, 0+180 ) -CaCh, 0) is 
represented by a linear line on which all of the changes of 
the value of Ca (h, 0+180 ) -CaCh, 0) at different heights h are 
overlapping one another in Fig. 32A. 

[0363] Fig. 33 is a graph illustrating the change of the 
value of Ca-i (h, 0+180 ) -Ca-i(h,0) of the condition (1) for 
each of the heights h of 10mm, 15mm, 20mm and 25mm with 
respect to the change of the angle 0. As shown in Fig. 33, 
for all of the curves of the heights h of 10mm, 15mm, 20mm 
and 25mm, the value of Ca-i(h, 0+180) -Ca-i(h,0) takes the 
maximum value at the angle 0 of 90° (i.e., in the upper 
portion) and takes the minimum value at the angle 0 of 270° 
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(i,e., in the lower portion). 

[0364] It is obvious from Fig. 33 that C 2 -i(h, 9+180) -C 2 - 
i(h,0) is positive for each of the heights h of lOnun, 15mm, 
20mm and 25mm within the range of 3O^0sl5O. Accordingly, 
the spectacle lens according to the fourth example 
satisfies the condition (1). 

[0365] Figs. 34A and 34B represent optical performance 
of the spectacle lens of the third example. Figs. 34A and 
34B are three dimensional graphs of the average refractive 
power error and the astigmatism, respectively. 

[0366] SECOND COMPARATIVE EXAMPLE 
[0367] A spectacle lens according to a second 
comparative example will be described below using numerical 
references shown in Fig . 2 . The spectacle lens of the 
second comparative example has the same spherical power, 
cylindrical power and the center thickness as those of the 
third and the fourth examples . Specifications of the 
spectacle lens of the second comparative example are 
indicated in Table 6 . As shown in Table 6 , the inner 
surface 13 is a toric surface having a curvature shown in 
Table 6, and the outer surface 12 is a rotationally- 
symmetrical aspherical surface . 

[0368] TABLE 6 

SPHERICAL POWER SPH 
CYLINDRICAL POWER CYL 



-4.00[D] 

-4.00[D] 
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0 [°] 

2.44[D] 



ASTIGMATIC AXIS AX 
CURVATURE OF OUTER SURFACE Cl 
( ROTATIONALLY-SYMMETRICAL 
ASPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 8 . 46-14 . 47 [ D ] 

(TORIC SURFACE) 

CENTRAL THICKNESS 1.10[mm] 

[0369] Fig. 35A is a list showing a distribution of the 
curvature Ci(h,0) which is obtained on the outer surface 12 
at each point having the polar coordinate (h,0). Fig.35B is 
a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 13 at each point 
having the polar coordinate (h,0). 

[0370] Figs. 36A and 36B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the angle 0 of 0°, 45°, 90°, 135°. 180°, 
225°, 270° and 315° with respect to the change of the height 
h. 

[0371] The outer surface 12 is the rotationally- 
symmetrical aspherical surface. Therefore, even though the 
change of the curvature Ci(h,0) is represented by a curve, 
all of the changes of the curvature Ci(h,0) at different 
angles 0 are overlapping one another on the curve shown in 
Fig. 36A. Since the inner surface 13 of the second 
comparative excimple is the toric surface whose 
configuration is the same as the inner surface of the 
fourth example, the graph of Fig. 36B is equal to the graph 
of Fig. 30B. 
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[0372] 



Figs. 37A and 37B are graphs respectively 



illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the heights h of 10mm, 15mm, 20mm and 
25mm with respect to the change of the angle 0. 

[0373] Since the curvature Ci(h,0) does not change with 
respect to the change of the angle 0, the curvature 
Ci(h,0) is represented by a linear line for each of the 
heights of 10mm, 15mm, 20mm and 25mm in Fig. 37A. Also, the 
curvature Ci(h,0) becomes greater as the height h increases. 
As shown in Fig. 37B, since the inner surface 13 is the 
toric surface, the change of the curvature C 2 (h, 0 ) is 
represented by a curve like a sine wave on which all of the 
changes of the curvature C 2 (h, 0 ) at different heights h are 
overlapping one another . 

[0374] Figs. 38A and 38B are graphs respectively 
illustrating the changes of the value of Cx(h, 0+180)- 
Ci(h,0) of the condition (5) and the value of C2(h,0+18O)- 
C2(h,0) of the condition (3) for each of the heights h of 
10mm, 15mm, 20mm and 25mm with respect to the change of the 
angle 0. Fig. 39 is a graph illustrating the change of the 
value of C 2 -i(h, 0+180 ) -C 2 -i(h, 0) of the condition (1) for 
each of the heights h of 10mm, 15mm, 20mm and 25mm with 
respect to the change of the angle 0. 

[0375] Since the outer surface is rotationally 
symmetrical and the inner surface is the toric surface 
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which is symmetrical with respect to the optical axis 
thereof, the value of Ci(h,0+18O)-Ci(h,0) of the condition 
(5), the value of CaCh, 0+180) -C2(h,0) the condition (3) and 
the value of C 2 -i(h, 0+180) -C2-i(h,0) of the condition (1) 
take a constant value of zero regardless of the height h 
and the angle 0. Accordingly, the second comparative 
example does not satisfy the conditions (1), (3) and (5). 

[0376] Figs. 40A and 40B represent optical performance 

of the spectacle lens of the second comparative example. 
Figs. 40A and 40B are three dimensional graphs of the 
average refractive power error and the astigmatism, 
respectively. By comparing Fig. 40A with Figs. 28A and 34A 
and comparing Fig. 40B with Figs. 28B and 34B, it is 
understood that the aberrations are sufficiently corrected 
in each of the third and the fourth examples . 

[0377] FIFTH EXAMPLE 

[0378] A spectacle lens according to a fifth example 
will be described below using nvimerical references shown in 
Fig. 1. The spectacle lens according to the fifth example 
is a minus lens that is not prescribed cylindrical power. 
Specifications of the spectacle lens of the fifth example 
are indicated in Table 7 . As shown in Table 7 , the outer 
surface 2 is a spherical surface having a curvature shown 
in Table 7 , the inner surface 3 is a rotationally- 
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asymmetrical aspherical surface. 

[0379] TABLE 7 

SPHERICAL POWER SPH -8.00[D] 

CURVATURE OF OUTER SURFACE Cl 0.68[D] 

(SPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 12.71[D] 

( ROTATIONALLY- ASYMMETRICAL 
ASPHERICAL SURFACE ) 

CENTRAL THICKNESS 1.10[mm] 

[0380] Fig. 41A is a list showing a distribution of the 
curvature Ci(h,6) which is obtained on the outer surface 2 
at each point having the polar coordinate (h,0). Since the 
outer surface 2 is spherical, the curvatures Ci(h,6) at all 
of the points on the outer surface 2 are the Scime. Fig. 41B 
is a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 3 at each point 
having the polar coordinate (h,0) . 

[0381] Figs. 42A and 42B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the angle 0 of 0°, 45°, 90°, 135°, 180°, 
225°, 270° and 315° with respect to the change of the height 
h. Since the outer surface 2 is spherical, the change of 
the curvature Ci(h,0) is represented by a linear line on 
which all of the changes of the curvature Ci(h,0) at 
different angles 0 are overlapping one another in Fig. 42A. 
[0382] In Fig. 42B, curves of the angles 0 of 0° and 
180° are overlapping one another. On the left side of the 
curve of the angle 0 of 0° (180°) in Fig. 42B, a curve on 
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which the changes of the curvatures of the angles 0 of 45° 
and 135° are overlapping and a curve of the angles 0 of 90° 
are indicated in order of the decreasing amount of the 
curvature . On the right side of the curve of the angle 0 of 
0° (180°) on Fig. 42B. a curve on which the changes of the 
curvatures of the angles 0 of 225° and 315° are overlapping 
and a curve of the angle 0 of 270° are indicated in order 
of the increasing eunount of the curvature. 

[0383] Figs. 43A and 43B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the heights h of 10mm, 15mm, 20mm and 
25mm with respect to the change of the angle 0. Since the 
outer surface 2 is spherical , the change of the curvature 
Ci(h,0) is represented by a linear line on which all of the 
changes of the curvature Ci(h,0) at different heights h are 
overlapping one another. 

[0384] As shown in Fig. 43B, for all of the curves of 
the heights of 10mm, 15mm, 20mm and 25mm, the curvature 
C2(h,0) takes the minimum value at the angle 0 of 90° (i.e. , 
in the upper portion) and takes the maximum value at the 
angle 0 of 270° (i.e., in the lower portion). 

[0385] Figs. 44A and 44B are graphs respectively 
illustrating the changes of the value of Ci(h, 0+180)- 
Ci(h,0) of the condition (5) and the value of C2(h,0+18O)- 
C2(h,0) of the condition (3) for each of the heights h of 
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10mm, 15mm. 20mm and 25mm with respect to the change of the 
angle 0 . 

[0386] Since the outer surface 2 is spherical, the 
change of the value of Ci(h, 0+180) -Ci(h,0) is represented 
by a linear line on which all of the changes of the values 
Ci(h, 0+180 ) -Ci(h,0) at different heights h are overlapping 
one another on Fig. 44A. 

[0387] As shown in Fig. 44B, for all of the curves of 
the heights h of 10mm, 15mm, 20mm and 25mm, the value of 
C2(h,0+18O)-C2(h,0) takes the maximum value at the angle 0 
of 90° (i.e., in the upper portion) and takes the minimum 
value at the angle 0 of 270° (i.e., in the lower portion). 
[0388] Further, as shown in Fig. 44B, the amplitude of 
the change of the value of C 2 (h, 0+180) -C 2 (h, 0 ) becomes 
greater as the height h increases. It is obvious from Fig. 
44B that C 2 (h, 0+180 ) -C 2 (h, 0) is positive for each of the 
heights h of 10mm, 15mm, 20mm and 25mm within the range of 

30^0^150. Accordingly, the spectacle lens according to the 
fifth example satisfies the condition (3). 

[0389] Fig. 45 is a graph illustrating the change of the 
value of C2-i(h,0+18O) -C2-i(h,0) of the condition (1) for 
each of the heights h of 10mm, 15mm, 20mm and 25mm with 
respect to the change of the angle 0. As shown in Fig. 45, 
for all of the curves of the heights h of 10 mm, 15mm, 20 mm 
and 25mm, the value of C 2 . i(h, 0+180) -C2-i(h,0) takes the 
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in the upper 



maximum value at the angle 0 of 90° (i.e. , 
portion) and takes the minimum value at the angle 9 of 270° 
(i.e., in the lower portion). 

[0390] It is obvious from Fig. 45 that C 2-1 (h, 6+180 ) -C 2 - 
i(h,0) is positive for each of the heights h of 10mm, 15mm, 
20mm and 25mm within the range of 30s9sl50. Accordingly, 
the spectacle lens according to the fifth example satisfies 
the condition ( 1 ) . 

[0391] Figs. 28A and 28B represent optical performance 
of the spectacle lens of the fifth example. Figs. 28A and 
28B are three dimensional graphs of the average refractive 
power error and the astigmatism, respectively. 

[0392] SIXTH EXAMPLE 

[0393] A spectacle lens according to a sixth example 

will be described below using numerical references shown in 
Fig. 1. The spectacle lens according to the sixth example 
is a minus lens that is not prescribed cylindrical power. 
Specifications of the spectacle lens of the sixth example 
are indicated in Table 8 . As shown in Table 8 , the outer 
surface 2 is a rotationally- symmetrical aspherical surface, 
and the inner surface 3 is a rotationally- asymmetrical 
aspherical surface. 

[0394] TABLE 8 

SPHERICAL POWER SPH 
CURVATURE OF OUTER SURFACE Cl 



-8.00[D] 

1.73[D] 
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{ RATATIONALL Y - SYMMETRICAL 
ASPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 13.76[D] 

( ROTATIONALLY-ASYMMETRICAL 
ASPHERICAL SURFACE) 

CENTRAL THICKNESS 1. 10[niin] 

[0395] Fig. 47A is a list showing a distribution of the 
cuirvature Ci(h,0) which is obtained on the outer surface 2 
at each point having the polar coordinate (h,0) . Fig. 4 IB 
is a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 3 at each point 
having the polar coordinate (h,0) . 

[0396] Figs. 48A and 48B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
Cz(h.0) for each of the angle 0 of 0°, 45°. 90°. 135°. 180°. 
225°. 270° and 315° with respect to the change of the height 
h. Since the outer surface 2 is rotationally symmetrical, 
the change of the curvature Ci(h.0) is represented by a 
curve on which all of the changes of the curvature Ci(h.0) 
at different angles 0 are overlapping one another in Fig. 
48A. 

[0397] In Fig. 48B. curves of the angles 0 of 0° and 
180° indicated by solid lines are overlapping one another. 
On the left side of the curve of the angle 0 of 0° (180°) 
in Fig. 48B. a curve on which the changes of the curvatures 
of the angles 0 of 45° and 135° are overlapping and a curve 
of the angles 0 of 90° are indicated in order of the 
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decreasing amount of the curvature. On the right side of 
the curve of the angle 0 of 0° (180°) in Fig. 48B, a curve 
on which the changes of the curvatures of the angles 6 of 
225° and 315° are overlapping and a curve of the angle 0 of 
270° are indicated in order of the increasing amount of the 
curvature . 

[0398] Figs. 49A and 49B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the heights h of 10mm, 15mm, 20mm and 
25mm with respect to the change of the angle 0. Since the 
outer surface 2 is rotationally symmetrical, the change of 
the curvature Ci(h,0) for all of the heights h of 10mm, 

15mm, 20mm and 25mm is represented by a linear line. That 
is, the curvature Ci(h,0) does not change with respect to 
the change of the angle 0. Also, the curvature Ci(h,0) 
becomes greater as the height h increases . 

[0399] As shown in Fig. 49B, for all of the curves of 
the heights of 10mm, 15mm, 20mm and 25mm, the curvature 
C2(h,0) takes the minimum value at the angle 0 of 90° (i.e., 
in the upper portion) and takes the maximum value at the 
angle 0 of 270° (i.e., in the lower portion). 

[0400] Figs. 50A and 50B are graphs respectively 
illustrating the changes of the value of Ci ( h, 0+180 )- 
Ci(h,0) of the condition (5) and the value of C2(h,0+18O)- 
C2(h,0) of the condition (3) for each of the heights h of 
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lOmm. 15nun, 20mm and 25mm with respect to the change of the 
angle 0 . 

[0401] As shown in Fig. 50A, the change of the value of 
Ci(h,9+180) -Ci(h,6) is represented by a linear line on 
which all of the changes of the values Ci(h, 0+180 ) -Ci(h, 0) 
at different heights h are overlapping one another. As 
shown in Fig. SOB, for all of the curves of the heights h 
of 10mm, 15mm, 20mm and 25mm, the value of C 2 (h, 0+180)- 
C2(h,0) takes the maximum value at the angle 0 of 90® (i.e., 
in the upper portion) and takes the minimum value at the 
angle 0 of 270° (i.e., in the lower portion). 

[0402] Further, as shown in Fig. SOB, the amplitude of 
the change of the value of C2(h,0+18O) -C2(h,0) becomes 
greater as the height h increases. It is obvious from Fig. 
SOB that C 2 (h, 0+180) -C2(h,0) is positive for each of the 
heights h of 10mm, 15mm, 20mm and 25mm within the range of 
30^0^150. Accordingly, the spectacle lens according to the 
sixth example satisfies the condition (3). 

[0403] Fig. 51 is a graph illustrating the change of the 
value of C 2 -i(h, 0+180) -C2-i(h,0) of the condition (1) for 
each of the heights h of 10mm, 15mm, 20mm and 25mm with 
respect to the change of the angle 0. As shown in Fig. 51, 
for all of the curves of the heights h of 10mm, 15mm, 20mm 

and 25mm, the value of C 2 -i(h, 0+180 ) -C 2 -i(h, 0) takes the 
maximum value at the angle 0 of 90° (i.e., in the upper 
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portion) and takes the minimum value at the angle 0 of 270° 
(i.e., in the lower portion). Also, the amplitude of each 
curve becomes greater as the height h increases . 

[0404] It is obvious from Fig. 51 that C2-i(h,0+18O)-C2- 
i(h,0) is positive for each of the heights h of 10mm, 15mm, 
20mm and 25mm within the range of 3Os0sl5O. Accordingly, 
the spectacle lens according to the sixth example satisfies 
the condition (1). 

[0405] Figs. 52A and 52B represent optical performance 
of the spectacle lens of the sixth example. Figs. 52A and 
52B are three dimensional graphs of the average refractive 
power error and the astigmatism, respectively. 

[0406] THIRD COMPARATIVE EXAMPLE 

[0407] A spectacle lens according to a third comparative 
example will be described below using niamerical references 
shown in Fig. 2. The spectacle lens of the third 
comparative example has the same spherical power and the 
center thickness as those of the fifth and sixth examples. 
Specifications of the spectacle lens of the third 
comparative example are indicated in Table 9 . As shown in 
Table 9, the inner surface 13 is a spherical surface, and 
the outer surface 12 is a rotationally- symmetrical 
aspherical surface. 

[0408] TABLE 9 
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-8.00[D] 

1.73[D] 

13.76[D] 

1 . 10 [mml 

[0409] Fig. 53A is a list showing a distribution of the 
curvature Ci(h,0) which is obtained on the outer surface 12 
at each point having the polar coordinate (h,9). Fig. 53B 
is a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 13 at each point 
having the polar coordinate (h,0) . Since the inner surface 
13 is spherical, the curvatures C2(h,0) at all of the 
points on the inner surface 13 are the same. 

[0410] Figs. 54A and 54B are graphs respectively 

illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the angle 0 of 0°. 45°, 90°, 135°, 180°, 
225°, 270° and 315° with respect to the change of the height 
h. 

[0411] The outer surface 12 is the rotationally- 
symmetrical aspherical surface. Therefore, even though the 
change of the curvature Ci(h,0) is represented by a curve, 
all of the changes of the curvature Ci(h,0) at different 
angles 0 are overlapping one another on the curve shown in 
Fig. 54A. Since the inner surface 13 is spherical, the 
change of the curvature C 2 (h, 0 ) is represented by a linear 
line on which all of the changes of the curvature C 2 (h, 0 ) 



SPHERICAL POWER SPH 
CURVATURE OF OUTER SURFACE Cl 
( ROTATIONALLY- SYMMETRICAL 
ASPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 

(SPHERICAL SURFACE) 
CENTRAL THICKNESS 
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at different angles 0 are overlapping one another. 

[0412] Figs. 55A and 55B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the heights h of lOmm, 15mm, 20mm and 
25mm with respect to the change of the angle 0. 

[0413] Since the curvature Ci(h,0) does not change with 
respect to the change of the angle 0, the curvature Ci(h,0) 
is represented by a linear line for each of the heights of 
lOiran, 15mm, 20mm and 25mm in Fig. 55A. Also, the curvature 
Ci(h,0) becomes greater as the height h increases. Since 
the inner surface 13 is spherical, the change of the 

curvature C 2 (h, 0 ) is represented by a linear line on which 
all of the changes of the curvature C 2 (h, 0 ) at different 
heights h are overlapping one another in Fig, 55B. 

[0414] Figs. 56A and 56B are graphs respectively 
illustrating the changes of the value of Ci(h, 0+180 )- 
Ci(h,0) of the condition (5) and the value of C2(h,0+18O)- 
C2(h,0) of the condition (3) for each of the heights h of 
10mm, 15mm, 20mm and 25mm with respect to the change of the 
angle 0. Fig. 57 is a graph illustrating the change of the 
value of C 2-1 (h, 0+180 ) -C2-i(h,0) of the condition (1) for 
each of the heights h of 10mm, 15mm, 20mm and 25mm with 
respect to the change of the angle 0. 

[0415] Since both of the outer and inner surfaces are 
rotationally- symmetrical, the value of Ci(h, 0+180 ) -Ci(h, 0) 



90 




.•i 



of the condition (5), the value of C 2 (h, 0+180 ) -C2(h,0) the 
condition (3) and the value of C 2 -i(h, 0+180) -C2-i(h,0) of the 
condition (1) take a constant value of zero regardless of 
the angle 0. Accordingly, the third comparative example 
does not satisfy the conditions (1), (3) and (5). 

[0416] Figs. 58A and 58B represent optical performance 
of the spectacle lens of the third comparative example. 

Figs . 58A and 58B are three dimensional graphs of the 
average refractive power error and the astigmatism, 
respectively. By comparing Fig. 58A with Figs. 46A and 52A 
and comparing Fig. 58B with Figs. 46B and 52B, it is 
understood that the aberrations are sufficiently corrected 
in each of the fifth and the sixth examples. 

[0417] SEVENTH EXAMPLE 

[0418] A spectacle lens according to a seventh example 

will be described below using numerical references shown in 
Fig. 1. The spectacle lens according to the seventh example 
is a minus lens that is prescribed cylindrical power. 
Specifications of the spectacle lens of the seventh example 
are indicated in Table 10. As shown in Table 10, the outer 
surface 2 is a spherical surface having a curvature shown 
in Table 10 , and the inner surface 3 is a rotationally- 
asymmetrical aspherical surface. 

[0419] TABLE 10 
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-8 .00[D] 
-4.00[D] 

90[°] 
0.68[D] 

12. 71-18. 72 [D] 
1 . 10[mm] 

[0420] Fig. 59A is a list showing a distribution of the 
curvature Ci(h,0) which is obtained on the outer surface 2 
at each point having the polar coordinate (h,0) . Fig. 59B 
is a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 3 at each point 
having the polar coordinate (h,0). Since the outer surface 
2 is spherical, the curvatures Ci(h,0) at all of the points 
on the outer surface 2 are the same. 

[0421] Figs. 60A and 60B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the angle 0 of 0“. 45°, 90°, 135°, 180°, 
225°, 270° and 315° with respect to the change of the height 
h. 

[0422] Since the outer surface 2 is spherical, the 
change of the curvature Ci(h,0) is represented by a linear 
line on which all of the changes of the curvature Ci(h,0) 
at different angles 0 are overlapping one another in Fig. 
60A. 

[0423] In Fig. 60B, cuirves of the angles 0 of 0° and 



SPHERICAL POWER SPH 
CYLINDRICAL POWER CYL 
ASTIGMATIC AXIS AX 
CURVATURE OF OUTER SURFACE Cl 
(SPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 
( ROTATIONALLY- ASYMMETRICAL 
ASPHERICAL SURFACE) 

CENTRAL THICKNESS 
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180° are overlapping one another and take the meixlmum value 
of the curvature C 2 (h, 0 ) of all curves having different 
angles 0. On the left side of the curve of the angle 0 of 
0° (180°) on Fig. 60B, a curve on which the changes of the 
curvatures of the angles 0 of 225° and 315° are overlapping, 
a curve on which the changes of the curvatures of the 
angles 0 of 45° and 135° are overlapping, a curve of the 
angles 0 of 270° and a curve of the angles 0 of 90° are 
indicated in order of the decreasing amount of the 
curvature. Since the inner surface 3 has the cylindrical 
power, the curves of the curvatures for different angles 0 
take different values at the height h=0 . 

[0424] Figs. 61A and 61B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C 2 (h, 0 ) for each of the heights h of 10mm, 15mm, 20mm and 
25mm with respect to the change of the angle 0. 

[0425] Since the outer surface 2 is spherical, the 
change of the curvature Ci(h,0) is represented by a linear 
line on which all of the changes of the curvature Ci(h,0) 
at different heights h are overlapping one another on Fig. 
61A. As shown in Fig. 6 IB, for all of curves of the heights 
of 10mm, 15mm, 20mm and 25mm, the curvature C2(h,0) takes a 
local minimal value at the angle 0 of 90° (i.e., in the 
upper portion) and takes a local minimal value at the angle 
0 of 270° (i.e., in the lower portion). The local minimal 



93 




value at the angle 0 of 90° is smaller than the local 
minimal value at the angle 0 of 270°. 

[0426] Figs. 62A and 62B are graphs respectively 
illustrating the changes of the value of Ci(h, 0+180)- 
Ci(h,0) of the condition (5) and the value of C2(h,0+18O)- 
C2(h,0) of the condition (3) for each of the heights h of 
10mm, 15mm, 20mm and 25mm with respect to the change of the 
angle 0. 

[0427] Since the outer surface 2 is spherical, the 
change of the value of Ci(h, 0+180) -Ci(h,0) is represented 
by a linear line on which all of the changes of the value 

of Ci(h, 0+180 ) -Ci(h,0) at different heights h are 
overlapping one another on Fig. 62A. 

[0428] As shown in Fig. 62B, for all of curves of the 

heights h of 10mm, 15nun, 20mm and 25mm, the value of 
C 2 (h, 0+180) -C 2 (h, 0 ) takes the maximum value within the 
range of 0=45°~135° (i.e., in the upper portion) and takes 
the minimum value within the range of 0=225°— 315° (i.e., in 
the lower portion) . Further, as shown in Fig. 62B, the 
amplitude of the curve of C 2 (h, 0+180 ) -C 2 (h, 0) becomes 
greater as the height h increases. It is obvious from Fig. 
62B that C 2 (h, 0+180 ) -C2(h,0) is positive for each of the 
heights h of 10mm, 15mm, 20mm and 25mm within the range of 
3Os0sl5O. Accordingly, the spectacle lens according to the 
seventh excimple satisfies the condition (3). 
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[0429] Fig. 63 is a graph illustrating the change of the 
value of C 2 -i(h, 0+180 ) -C 2 -i(h, 6 ) of the condition (1) for 
each of the heights h of lOmm, 15mm, 20mm and 25mm with 
respect to the change of the angle 9. As shown in Fig. 63, 
for all of the curves of the heights h of 10mm, 15mm, 20mm 
and 25mm, the value of C2-i(h,0+18O) -C2-i(h,0) takes the 
maximum value within the range of 0=45°~135® (i.e. , in the 
upper portion) and takes the minimum value within the range 
of 0=225°—315° (i.e., in the lower portion). Further, as 
shown in Fig. 63. the amplitude of the curve of the value 
of C 2 -i(h, 0+180 ) -C2-i(h,0) becomes greater as the height h 
increases . 

[0430] It is obvious from Fig. 63 that C 2 -i(h, 0+180 ) -C 2 - 
i(h,9) is positive for each of the heights h of 10mm, 15mm, 
20mm and 25mm within the range of 3Os0sl5O. Accordingly, 
the spectacle lens according to the seventh example 
satisfies the condition ( 1 ) . 

[0431] Figs. 64A and 64B represent optical performance 

of the spectacle lens of the seventh example. Figs. 64A and 
64B are three dimensional graphs of the average refractive 
power error and the astigmatism, respectively. 

[0432] EIGHTH EXAMPLE 

[0433] A spectacle lens according to an eighth excunple 
will be described below using numerical references shown in 
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Fig. 1. The spectacle lens according to the eighth example 
is a minus lens that is prescribed cylindrical power. 
Specifications of the spectacle lens of the eighth example 
are indicated in Table 11. The outer surface 2 is a 
rotationally- symmetrical aspherical surface, and the inner 
surface 3 is a rotationally-asymmetrical aspherical surface. 
[0434] TABLE 11 

SPHERICAL POWER SPH -8.00[D] 

CYLINDRICAL POWER CYL -4.00[D] 

ASTIGMATIC AXIS AX 90[“] 

CURVATURE OF OUTER SURFACE Cl 1.01[D] 

( ROTATIONALLY- SYMMETRICAL 
ASPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 13 . 04-19 . 05 [ D ] 

( ROTATIONALLY-ASYMMETRICAL 
ASPHERICAL SURFACE) 

CENTRAL THICKNESS 1.10 [mm] 



[0435] Fig. 65A is a list showing a distribution of the 
curvature Ci(h,0) which is obtained on the outer surface 2 
at each point having the polar coordinate (h,0). Fig. 65B 
is a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 3 at each point 
having the polar coordinate (h,0). 

[0436] Figs. 66A and 66B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the angle 0 of 0°, 45®, 90®, 135®, 180®, 
225®, 270® and 315® with respect to the change of the height 
h. Since the outer surface 2 is rotationally symmetrical, 
the change of the curvature Ci(h,0) is represented by a 
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curve on which all of the changes of the curvature Ci(h,0) 
at different angles 0 are overlapping one another in Fig. 
66A. 

[0437] In Fig. 66B, curves of the angles 0 of 0° and 
180° indicated by solid lines are overlapping one another 
at high values of the curvature. On the left side of the 
curve of the angle 0 of 0° (180°) on Fig. 66B, a curve on 
which the changes of the curvatures of the angles 0 of 225° 
and 315° are overlapping, a curve on which the changes of 
the curvatures of the angles 0 of 45° and 135° are 
overlapping, a curve of the angles 0 of 270° and a curve of 
the angles 0 of 90° are indicated in order of the 
decreasing amount of the curvature. 

[0438] Figs. 67A and 67B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the heights h of lOmm, 15mm, 20mm and 
25mm with respect to the change of the angle 0. Since the 
outer surface 2 is rotationally symmetrical, the change of 
the curvature Ci(h,0) for all of the heights h of 10mm, 
15mm, 20mm and 25mm is represented by a linear line. That 
is, the curvature Ci(h,0) does not change with respect to 
the change of the angle 0. Also, the curvature Ci(h,0) 
becomes greater as the height h increases . 

[0439] As shown in Fig. 67B, for all of the curves of 
the heights of 10mm, 15mm, 20mm and 25mm, the curvature 
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C2(h,0) takes a local minimal value at the angle 0 of 90° 
(i.e., in the upper portion) and takes a local minimal 
value at the angle 0 of 270° (i.e., in the lower portion). 
The local minimal value at the angle 0 of 90° is smaller 
than the local minimal value at the angle 0 of 270°. 

[0440] Figs. 68A and 68B are graphs respectively 
illustrating the changes of the value of Ci ( h, 0+180 ) - 
Ci(h,0) of the condition (5) and the value of C 2 (h, 0+180)- 
C2(h,0) of the condition (3) for each of the heights h of 
10mm, 15mm, 20mm and 25mm with respect to the change of the 

angle 0 . 

[0441] The outer surface 2 is rotationally symmetrical. 
Therefore, a difference of curvature at symmetrical points 
on the surface is zero, and therefore the change of the 
value of Ci(h, 0+180 ) -Ci(h,0) is represented by a linear 
line on which all of the changes of the values Ci(h,0+18O)- 
Ci(h,0) at different heights h are overlapping one another 
in Fig. 68A. 

[0442] As shown in Fig. 68B, for all of curves of the 

heights h of 10mm, 15mm, 20mm and 25mm, the value of 
C2(h,0+18O)-C2(h,0) takes the meiximum value within the 
range of 0=45°~135° (i.e., in the upper portion) and takes 
the minimum value within the range of 0=225°~315° (i.e., in 
the lower portion). Further, as shown in Fig. 62B, the 
amplitude of the curve of C 2 (h, 0+180) -C 2 (h, 0 ) becomes 
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greater as the height h increases. It is obvious from Fig. 
68B that CaCh, 0+180 ) -C2(h,0) is positive for each of the 
heights h of 10mm, 15mm, 20mm and 25mm within the range of 
30^0^150. Accordingly, the spectacle lens according to the 
eighth example satisfies the condition (3). 

[0443] Fig. 69 is a graph illustrating the change of the 
value of C 2 -i(h, 0+180) -C2-i(h,0) of the condition (1) for 
each of the heights h of 10mm, 15mm, 20mm and 25mm with 
respect to the change of the angle 0. As shown in Fig. 69, 
for all of the curves of the heights h of 10mm, 15mm, 20mm 
and 25mm, the value of C 2 -i(h, 0+180) -C2-i{h,0) takes the 
maximum value within the range of 0=45”~135“ (i.e., in the 
upper portion) and takes the minimum value within the range 
of 0=225®~315° (i.e., in the lower portion). Further, as 
shown in Fig. 69, the amplitude of the curve of the value 
of C 2 -i(h, 0+180) -C2-i(h,0) becomes greater as the height h 
increases . 

[0444] It is obvious from Fig. 69 that C 2 -i(h, 0+180 ) -C 2 - 
i(h,0) is positive for each of the heights h of 10mm, 15mm, 
20mm and 25mm within the range of 3Os0sl5O. Accordingly, 
the spectacle lens according to the eighth example 
satisfies the condition (1). 

[0445] Figs. 70A and 70B represent optical performance 
of the spectacle lens of the eighth example. Figs. 70A and 
70B are three dimensional graphs of the average refractive 




power error and the astigmatism, respectively. 



[0446] FOURTH COMPARATIVE EXAMPLE 
[0447] A spectacle lens according to a fourth 
comparative example will be described below using numerical 
references shown in Fig. 2. The spectacle lens of the 
fourth comparative example has the same spherical power, 
cylindrical power and the center thickness as those of the 
seventh and the eighth examples. Specifications of the 
spectacle lens of the fourth comparative example are 
indicated in Table 12. As shown in Table 12, the inner 
surface 13 is a toric surface having a curvature shown in 
Table 12, and the outer surface 12 is a rotationally- 
symmetrical aspherical surface. 

[0448] TABLE 12 

SPHERICAL POWER SPH 
CYLINDRICAL POWER CYL 
ASTIGMATIC AXIS AX 
CURVATURE OF OUTER SURFACE Cl 
( ROTATIONALLY- SYMMETRICAL 
ASPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 
(TORIC SURFACE) 

CENTRAL THICKNESS 



-8.00[D] 

-4.00[D] 

90[“] 

1.01[D] 



13. 04-19. 05[D] 
1 . 10 [mm] 



[0449] Fig. 71A is a list showing a distribution of the 
curvature Ci(h,0) which is obtained on the outer surface 12 
at each point having the polar coordinate (h,0). Fig. 7 IB 
is a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 13 at each point 
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having the polar coordinate (h,0) . 

[0450] Figs. 72A and 72B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the angle 0 of 0°, 45°, 90°, 135°, 180°, 
225°, 270° and 315° with respect to the change of the height 

h. 

[0451] The outer surface 12 is the rotationally- 
symmetrical aspherical surface. Therefore, even though the 
change of the curvature Ci(h,0) is represented by a curve, 
all of the changes of the curvature Ci(h,0) at different 
angles 0 are overlapping one another on the curve shown in 
Fig. 72A. 

[0452] Since the inner surface 13 is the toric surface, 
a linear line (a solid line) on which the changes of the 
curvatures C 2 (h, 0 ) of the angles 0 of 0° and 180° are 
overlapping, a linear line on which the changes of the 
curvatures C2(h,0) of the angles 0 of 45°, 135°, 225° and 
315° are overlapping, and a linear line on which the 
changes of the curvatures C2(h,0) of the angles 0 of 90° 
and 270° are overlapping are indicated in order of the 
decreasing amount of the curvature. 

[0453] Figs. 73A and 73B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the heights h of 10mm, 15mm, 20mm and 
25mm with respect to the change of the angle 0. 
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[0454] Since the curvature Ci(h,0) does not change with 
respect to the change of the angle 0, the curvature 
Ci(h,0) is represented by a linear line for each of the 
heights of lOmm, 15mm, 20mm and 25mm in Fig. 73A. Also, the 
curvature Ci(h,0) becomes greater as the height h increases 
As shown in Fig. 73B, since the inner surface 13 is the 
toric surface, the change of the curvature C 2 (h, 0 ) is 
represented by a curve like a sine wave on which all of the 
changes of the curvature C 2 (h, 0 ) at different heights h are 
overlapping one another . 

[0455] Figs. 74A and 74B are graphs respectively 
illustrating the changes of the value of Ci(h,0+18O)- 
Ci(h,0) of the condition (5) and the value of C2(h,0+18O)- 
C2(h,0) of the condition (3) for each of the heights h of 
10mm, 15mm, 20mm and 25mm with respect to the change of the 

angle 0. Fig. 75 is a graph illustrating the change of the 
value of C 2 -i(h, 0+180) -C2-i(h,0) of the condition (1) for 
each of the heights h of 10mm, 15mm, 20mm and 25mm with 

respect to the change of the angle 0 . 

[0456] Since the outer surface is rotationally 
symmetrical and the inner surface is the toric surface 
which is symmetrical with respect to the optical axis 
thereof, the value of Ci(h, 0+180 ) -Ci(h,0) of the condition 
(5), the value of C 2 ( h, 0+180 ) -C2(h,0) the condition (3) and 
the value of C 2 -i(h, 0+180) -C2-i(h,0) of the condition (1) 
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take a constant value of zero regardless of the height h 
and the angle 6. Accordingly, the fourth comparative 
excunple does not satisfy the conditions (1), (3) and (5). 

[0457] Figs. 76A and 76B represent optical performance 
of the spectacle lens of the fourth comparative example. 
Figs. 76A and 76B are three dimensional graphs of the 
average refractive power error and the astigmatism, 
respectively. By comparing Fig. 76A with Figs. 64A and 70A 
and comparing Fig. 76B with Figs. 64B and 70B, it is 
understood that the aberrations are sufficiently corrected 
in each of the seventh and the eighth examples . 

[0458] NINTH EXAMPLE 

[0459] A spectacle lens according to a ninth example 

will be described below using numerical references shown in 
Fig . 1 . The spectacle lens according to the ninth example 
is a plus lens that is not prescribed cylindrical power. 
Specifications of the spectacle lens of the ninth example 
are indicated in Table 13. As shown in Table 13, the outer 
surface 2 is a spherical surface having a curvature shown 
in Table 13, the inner surface 3 is a rotationally- 
asymmetrical aspherical surface . 

[0460] TABLE 13 

SPHERICAL POWER SPH 
CURVATURE OF OUTER SURFACE Cl 

(SPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 



4.00[D] 

6.96[D] 

1.02[D] 
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( ROT ATIONALLY -ASYMMETRICAL 
ASPHERICAL SURFACE) 

CENTRAL THICKNESS 



3 . 80 [mm] 



[0461] Fig. 11 A is a list showing a distribution of the 
curvature Ci(h,0) which is obtained on the outer surface 2 
at each point having the polar coordinate (h,0). Since the 
outer surface 2 is spherical, the curvatures Ci(h,0) at all 
of the points on the outer surface 2 are the same. Fig. 77B 
is a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 3 at each point 
having the polar coordinate (h,0) . 

[0462] Figs. 78A and 78B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the angle 0 of 0°, 45°, 90°, 135°, 180°, 
225°, 270° and 315° with respect to the change of the height 
h. Since the outer surface 2 is spherical, the change of 
the curvature Ci(h,0) is represented by a linear line on 
which all of the changes of the curvature Ci(h,0) at 
different angles 0 are overlapping one another in Fig. 78A. 
[0463] In Fig. 78B, curves of the angles 0 of 0° and 
180° indicated by solid lines are overlapping one another. 
On the right side of the curve of the angle 0 of 0° (180°) 
in Fig. 78B, a curve on which the changes of the curvatures 
of the angles 0 of 45° and 135° are overlapping and a curve 
of the angles 0 of 90° are indicated in order of the 
increasing amount of the curvature. On the left side of the 
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curve of the angle 0 of 0® (180°) on Fig. 78B, a curve on 
which the changes of the curvatures of the angles 0 of 225° 
and 315° are overlapping and a curve of the angle 0 of 270° 
are indicated in order of the decreasing amount of the 
curvature . 

[0464] Figs. 79A and 79B are graphs respectively- 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the heights h of 10mm, 15mm, 20mm and 
25mm with respect to the change of the angle 0. Since the 
outer surface 2 is spherical, the change of the curvature 
Ci(h,0) is represented by a linear line on which all of the 
changes of the curvature Ci(h,0) at different heights h are 
overlapping one another. 

[0465] As shown in Fig. 79B, for all of the curves of 
the heights of 10mm, 15mm, 20mm and 25mm, the curvature 
C2(h,0) takes the maximxam value at the angle 0 of 90° (i.e. , 
in the upper portion) and takes the minimum value at the 
angle 0 of 270° (i.e., in the lower portion) . 

[0466] Figs. 80A and 80B are graphs respectively 
illustrating the changes of the value of Ci(h,0+18O)- 
Ci(h,0) of the condition (6) and the value of C2(h,0+18O)- 
C2(h,0) of the condition (4) for each of the heights h of 
10mm, 15mm, 20mm and 25mm with respect to the change of the 

angle 0. 

[0467] Since the outer surface 2 is spherical, the 
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change of the value of Ci(h,0+18O) -Ci(h,6) is represented 
by a linear line on which all of the changes of the values 
Ci(h,0+18O ) -Ci(h,6) at different heights h are overlapping 
one another on Fig. 80A. 

[0468] As shown in Fig. 80B, for all of the curves of 
the heights h of lOnun, ISmin, 20mm and 25mm, the value of 
C2(h,0+18O)-C2(h,0) takes the minimum value at the angle 0 
of 90° (i.e., in the upper portion) and takes the maximum 
value at the angle 0 of 270° (i.e., in the lower portion). 
[0469] Further, as shown in Fig. 80B, the amplitude of 
the change of the value of C2(h,0+18O)-C2(h,0) becomes 
greater as the height h increases. It is obvious from Fig. 
80B that C 2 (h, 0+180 )-C2(h,0) is negative for each of the 
heights h of 10mm, 15mm, 20mm and 25mm within the range of 
30^0^150. Accordingly, the spectacle lens according to the 
ninth example satisfies the condition (4). 

[0470] Fig. 81 is a graph illustrating the change of the 
value of C 2 -i(h, 0+180) -C2-i(h,0) of the condition (2) for 
each of the heights h of 10mm, 15mm, 20mm and 25mm with 
respect to the change of the angle 0 . As shown in Fig. 81, 
for all of the curves of the heights h of 10mm, 15mm, 20mm 
and 25mm, the value of C 2 -i(h, 0+180) -C2-i(h,0) takes the 
minimum value at the angle 0 of 90° (i.e., in the upper 
portion) and takes the maximum value at the angle 0 of 270° 
(i.e., in the lower portion). 
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[0471] It is obvious from Fig. 81 that C 2 -i(h, 0+180) -C 2 - 
i(h,9) is negative for each of the heights h of 10mm, 15mm, 
20mm and 25mm within the range of 30^9^150. Accordingly, 
the spectacle lens according to the ninth example satisfies 
the condition ( 2 ) . 

[0472] Figs. 82A and 82B represent optical performance 
of the spectacle lens of the ninth example. Figs. 82A and 
82B are three dimensional graphs of the average refractive 
power error and the astigmatism, respectively. 

[0473] TENTH EXAMPLE 

[0474] A spectacle lens according to a tenth example 
will be described below using numerical references shown in 
Fig . 2 . The spectacle lens according to the tenth example 
is a plus lens having the same spherical power as that of 
the ninth example, and is not prescribed cylindrical power. 
Specifications of the spectacle lens of the tenth example 
are indicated in Table 14. The inner surface 13 is a 
rotationally symmetrical aspherical surface, and the outer 
surface 12 is a rotationally- asymmetrical aspherical 
surface . 

[0475] TABLE 14 

SPHERICAL POWER SPH 
CURVATURE OF OUTER SURFACE Cl 
( ROTATIONALLY -ASYMMETRICAL 
ASPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 

( ROTATIONALLY-SYMMETRICAL 



4.00[D] 

7.18[D] 

1.26[D] 
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4 . 30 [nun] 



ASPHERICAL SURFACE) 

CENTRAL THICKNESS 

[0476] Fig. 83A is a list showing a distribution of the 
curvature Ci(h,0) which is obtained on the outer surface 12 
at each point having the polar coordinate (h,0). Fig. 83B 
is a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 13 at each point 
having the polar coordinate (h,0). 

[0477] Figs. 84A and 84B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the angle 0 of 0°, 45°, 90°, 135°, 180°, 
225°, 270° and 315° with respect to the change of the height 
h. 

[0478] In Fig. 84A, curves of the angles 0 of 0° and 
180° indicated by solid lines are overlapping one another. 
On the left side of the curve of the angle 0 of 0° (180°) 
on Fig. 84A, a curve on which the changes of the curvatures 
of the angles 0 of 45° and 135° are overlapping and a curve 
of the angles 0 of 90° are indicated in order of the 
decreasing amount of the curvature. On the right side of 
the curve of the angle 0 of 0° (180°) on Fig. 84A, a curve 
on which the changes of the curvatures of the angles 0 of 
225° and 315° are overlapping and a curve of the angles 0 
of 270° are indicated in order of the increasing amount of 
the curvature . 
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[0479] 



Since the inner surface 13 is rotationally 



symmetrical, all of the changes of the curvature C 2 (h, 0 ) at 
different angles 0 are overlapping one another on a curve 
shown in Fig. 84B. 

[0480] Figs. 85A and 85B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the heights h of 10mm, 15mm, 20mm and 
25mm with respect to the change of the angle 0. 

[0481] As shown in Fig. 85A, for all of curves of the 
heights of 10mm, 15mm, 20mm and 25mm, the curvature Ci(h,0) 
takes the minimum value at the angle 0 of 90° (i.e., in the 
upper portion) and takes the maximum value at the angle 0 
of 270° (i.e., in the lower portion). 

[0482] Since the curvature C2(h,0) does not change with 
respect to the change of the angle 0, the curvature 
C 2 (h, 0 ) is represented by a linear line for each of the 
heights of 10mm, 15mm, 20mm and 25mm in Fig. 85B. Further, 
the curvature C 2 (h, 0 ) becomes greater as the height h 
increases . 

[0483] Figs. 86A and 86B are graphs respectively 
illustrating the changes of the value of Ci(h, 0+180)- 
Ci(h,0) of the condition (6) and the value of C2(h,0+18O)- 
C2(h,0) of the condition (4) for each of the heights h of 
10mm, 15mm, 20mm and 25mm with respect to the change of the 
angle 0 . 
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[0484] As shown in Fig. 86A, for all of curves of the 

heights h of 10mm, 15mm, 20mm and 25mm, the value of 
Cx(h,0+18O) -Ci(h,0) takes the maximum value at the angle 0 
of 90° (i.e., in the upper portion) and takes the minimum 
value at the angle 0 of 270° (i.e., in the lower portion). 
[0485] Further, as shown in Fig. 86A, the amplitude of 
the curve of Ci(h, 0+180 ) -Ci(h,0) becomes greater as the 
height h increases. It is obvious from Fig. 86A that 
Ci(h, 0+180) -Ci(h,0) is positive for each of the heights h 
of 10mm, 15mm, 20mm and 25mm within the range of 3O:s0il5O. 
Accordingly, the spectacle lens according to the tenth 
example satisfies the condition ( 6 ) . Since the inner 
surface 13 is rotationally symmetrical, the change of 
CaCh, 0+180) -C 2 (h, 0 ) is zero regardless of the height h and 
the angle 0. 

[0486] Fig. 87 is a graph illustrating the change of the 
value of C 2 -i(h, 0+180) -C2-i(h,0) of the condition (2) for 
each of the heights h of 10mm, 15mm, 20mm and 25mm with 
respect to the change of the angle 0. As shown in Fig. 87, 
for all of the curves of the heights h of 10mm, 15mm, 20mm 
and 25mm, the value of Ca-iCh, 0+180 ) -C 2 -i(h, 0) takes the 
minimum value at the angle 0 of 90° (i.e., in the upper 
portion) and takes the maximum value at the angle 0 of 270° 
(i.e., in the lower portion). Further, the value of Cz- 
i(h,0+18O) -C2-i(h,0) becomes greater as the height h 
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increases . 



[0487] It is obvious from Fig. 87 that C 2 -i(h, 0+180) -C 2 - 
i(h,0) is negative for each of the heights h of 10mm, 15mm, 
20mm and 25mm within the range of 30^0^150. Accordingly, 
the spectacle lens according to the tenth example satisfies 
the condition (2). 

[0488] Figs. 88A and 88B represent optical performance 
of the spectacle lens of the tenth example. Figs. 88A and 
88B are three dimensional graphs of the average refractive 
power error and the astigmatism, respectively. 

[0489] FIFTH COMPARATIVE EXAMPLE 

[0490] A spectacle lens according to a fifth comparative 

example will be described below using numerical references 
shown in Fig. 2. Specifications of the spectacle lens of 
the third comparative example are indicated in Table 15. 

The spectacle lens of the fifth comparative excimple has the 
inner surface 13 whose spherical power is shown in Table 15, 
and has the outer surface 12 which is a rotationally 
symmetrical aspherical surface. 

[0491] TABLE 15 

SPHERICAL POWER SPH 
CURVATURE OF OUTER SURFACE Cl 
( ROTATIONALLY- SYMMETRICAL 
ASPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 

(SPHERICAL SURFACE) 

CENTRAL THICKNESS 



4.00[D] 

7.17[D] 

1.26[D] 
4 . 30 [mm] 
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[0492] Fig. 89A is a list showing a distribution of the 
curvature Ci(h,0) which is obtained on the outer surface 12 
at each point having the polar coordinate (h,0) . Fig. 89B 
is a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 13 at each point 
having the polar coordinate (h,0) . Since the inner surface 
13 is spherical, the curvatures C 2 (h, 0 ) at all of the 
points on the inner surface 13 are the same. 

[0493] Figs. 90A and 90B are graphs respectively 

illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the angle 0 of 0°, 45°, 90°, 135°, 180°, 
225°, 270° and 315° with respect to the change of the height 
h. 

[0494] The outer surface 12 is the rotationally- 
symmetrical aspherical surface. Therefore, even though the 
change of the curvature Ci(h,0) is represented by a curve, 
all of the changes of the curvature Ci(h,0) at different 
angles 0 are overlapping one another on the curve shown in 
Fig. 90A. Since the inner surface 13 is spherical, the 
change of the curvature C 2 (h, 0 ) is represented by a linear 
line on which all of the changes of the curvature C 2 (h, 0 ) 
at different angles 0 are overlapping one another. 

[0495] Figs. 91A and 9 IB are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the heights h of 10mm, 15mm, 20mm and 
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25mm with respect to the change of the angle 9. 

[0496] Since the curvature Ci(h,0) does not change with 
respect to the change of the angle 0, the curvature Ci(h,0) 
is represented by a linear line for each of the heights of 
10mm, 15mm. 20mm and 25mm in Fig. 91A. Also, the curvature 
Ci(h,0) becomes smaller as the height h increases. Since 
the inner surface 13 is spherical, the change of the 
curvature C 2 (h, 0 ) is represented by a linear line on which 
all of the changes of the curvature C 2 (h, 0 ) at different 
heights h are overlapping one another in Fig. 91B. 

[0497] Figs. 92A and 92B are graphs respectively 
illustrating the changes of the value of Ci ( h, 0+180 ) - 
Ci(h,0) of the condition (6) and the value of C2(h,6+180)- 
C2(h,0) of the condition (4) for each of the heights h of 
10mm, 15mm. 20mm and 25mm with respect to the change of the 
angle 0. Fig. 93 is a graph illustrating the change of the 
value of C 2 -i(h, 0+180) -C2-i(h,0) of the condition (2) for 
each of the heights h of 10mm, 15mm, 20mm and 25mm with 
respect to the change of the angle 0. 

[0498] Since both of the outer and inner surfaces are 
ro tat ionally- symmetrical, the value of Ci(h, 0+180) -Ci(h,0) 
of the condition (6), the value of C 2 (h, 0+180) -C 2 (h, 0 ) the 
condition (4) and the value of C 2 -i(h, 0+180) -C2-i(h,0) of the 
condition (2) take a constant value of zero regardless of 
the angle 0. Accordingly, the fifth comparative example 
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does not satisfy the conditions (2), (4) and (6). 

[0499] Figs. 94A and 94B represent optical performance 
of the spectacle lens of the fifth comparative example. 
Figs. 94A and 94B are three dimensional graphs of the 
average refractive power error and the astigmatism, 
respectively. By comparing Fig. 94A with Figs. 82A and 88A 
and comparing Fig. 94B with Figs. 82B and 88B, it is 
understood that the aberrations are sufficiently corrected 
in each of the ninth and the tenth examples . 



[0500] ELEVENTH EXAMPLE 

[0501] A spectacle lens according to a eleventh example 
will be described below using numerical references shown in 
Fig. 1. The spectacle lens according to the eleventh 
example is a plus lens that is prescribed cylindrical power. 
Specifications of the spectacle lens of the eleventh 
example are indicated in Table 16. As shown in Table 16, 
the outer surface 2 is a spherical surface having a 
curvature shown in Table 16, and the inner surface 3 is a 



rotationally-asymmetrical aspherical surface. 



[0502] TABLE 16 

SPHERICAL POWER SPH 
CYLINDRICAL POWER CYL 
ASTIGMATIC AXIS AX 
CURVATURE OF OUTER SURFACE Cl 
(SPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 
{ ROTATIONALLY-ASYMMETRICAL 
ASPHERICAL SURFACE) 



4.00[D] 

-4.00[D] 

45[°] 

6.96[D] 

1.02-7.04CD] 
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CENTRAL THICKNESS 



3 . 80 [mm] 



[0503] Fig. 95A is a list showing a distribution of the 
curvature Ci(h,6) which is obtained on the outer surface 2 
at each point having the polar coordinate (h,0). Fig. 95B 
is a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 3 at each point 
having the polar coordinate (h,0) . Since the outer surface 
2 is spherical, the curvatures Ci(h,0) at all of the points 
on the outer surface 2 are the same. 

[0504] Figs. 96A and 96B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the angle 0 of 0°, 45°, 90°, 135°, 180°, 
225°, 270° and 315° with respect to the change of the height 
h. 

[0505] Since the outer surface 2 is spherical, the 
change of the curvature Ci(h,0) is represented by a linear 
line on which all of the changes of the curvature Ci(h,0) 
at different angles 0 are overlapping one another in Fig. 
96A. 

[0506] In Fig. 96B, curves of the angles 0 of 0° and 
180° are overlapping one another. On the left side of the 
curve of the angle 0 of 0° (180°) on Fig. 96B, a curve of 
the curvature of the angles 0 of 270°, a curve of the 
curvature of the angles 0 of 45° and a curve of the 
curvature of the angles 0 of 225° are indicated in order of 
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the decreasing amount of the curvature. 

[0507] On the right side of the curve of the angle 6 of 
0° (180°) on Fig- 96B, a curve of the curvature of the 
angles 0 of 90°, a curve of the curvature of the angles 0 
of 315° and a curve of the curvature of the angles 0 of 
135° are indicated in order of the increasing amount of the 
curvature. Since the inner surface 3 has the cylindrical 
power, the curves of the curvatures for different angles 0 
take different values at the height h=0. 

[0508] Figs. 97A and 97B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C2(h,0) for each of the heights h of 10mm, 15mm, 20mm and 
25mm with respect to the change of the angle 0. 

[0509] Since the outer surface 2 is spherical, the 
change of the curvature Ci(h,0) is represented by a linear 
line on which all of the changes of the curvature Ci(h,0) 
at different heights h are overlapping one another on Fig. 
97A. As shown in Fig. 97B, for all of curves of the heights 
of 10mm, 15mm, 20mm and 25mm, the curvature C2(h,0) takes a 
local minimal value at the angle 0 of about 45° (i.e., in 
the upper portion) and takes a local minimal value at the 
angle 0 of about 225° (i.e., in the upper portion). As 
shown in Fig. 97B, for all of the image heights, the local 
minimal value at the angle 0 of about 45° is larger than 
the local minimal value at the angle 0 of about 225°. 
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[0510] Figs. 98A and 98B are graphs respectively 
illustrating the changes of the value of Ci(h, 0+180 )- 
Ci(h,0) of the condition ( 6 ) and the value of C2(h,0+18O)- 
C 2 (h, 0 ) of the condition (4) for each of the heights h of 
lOmm, 15inm, 20mm and 25mm with respect to the change of the 

angle 0 . 

[0511] Since the outer surface 2 is spherical, the 
change of the value of Ci (h, 0+180 ) -Cx(h,0) is represented 
by a linear line on which all of the changes of the value 
of Ci(h, 0+180) -Ci(h,0) at different heights h are 
overlapping one another on Fig. 98A. 

[0512] As shown in Fig. 98B, for all of curves of the 

heights h of 10 mm, 15mm, 20 mm and 25mm, the value of 
C2(h,0+18O) -C2(h,0) takes the minimum value at the angle 0 
of about 65° (i.e., in the upper portion) and takes the 
maximum value at the angle 0 of about 245° (i.e., in the 
lower portion). Further, as shown in Fig. 98B, the 

cimplitude of the curve of C 2 (h, 0+180) -C 2 (h, 0 ) becomes 
greater as the height h increases. It is obvious from Fig. 
98B that C 2 (h, 0+180) -C2(h,0) is negative for each of the 
heights h of 10mm, 15mm, 20mm and 25mm within the range of 
30^0^150. Accordingly, the spectacle lens according to the 
eleventh exeimple satisfies the condition (4). 

[0513] Fig. 99 is a graph illustrating the change of the 
value of C 2 -i(h, 0+180) -C2-i(h,0) of the condition (2) for 
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each of the heights h of lOtnm, 15mm, 20mm and 25mm with 
respect to the change of the angle 0. As shown in Fig. 99, 
for all of the curves of the heights h of 10mm, 15mm, 20mm 
and 25mm, the value of C 2 -i(h, 0+180) -C2-i(h,0) takes the 
minimum value at the angle 0 of about 65° (i.e. , in the 
upper portion) and takes the maximum value at the angle 0 
of about 245° (i.e., in the lower portion). Further, as 
shown in Fig. 99, the amplitude of the curve of the value 
of C 2 -i(h, 0+180 ) -C 2 -i(h, 0) becomes greater as the height h 
increases . 

[0514] It is obvious from Fig. 99 that C 2 -i(h, 0+180) -C 2 - 
i(h,0) is negative for each of the heights h of 10mm, 15mm, 
20mm and 25mm within the range of 3Os0^15O. Accordingly, 
the spectacle lens according to the eleventh example 
satisfies the condition (1). 

[0515] Figs. lOOA and lOOB represent optical performance 

of the spectacle lens of the eleventh example. Figs. lOOA 
and lOOB are three dimensional graphs of the average 
refractive power error and the astigmatism, respectively. 

[0516] TWELFTH EXAMPLE 

[0517] A spectacle lens according to a twelfth example 
will be described below using numerical references shown in 
Fig. 1. The spectacle lens according to the twelfth example 
is a plus lens having the same spherical power and 
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cylindrical power as those of the eleventh example. 
Specifications of the spectacle lens of the twelfth example 
are indicated in Table 17. As shown in Table 17, both of 
the outer surface 2 and the inner surface 3 are 
rotationally-asymmetrical aspherical surfaces. 

[0518] TABLE 17 

SPHERICAL POWER SPH 
CYLINDRICAL POWER CYL 
ASTIGMATIC AXIS AX 
CURVATURE OF OUTER SURFACE Cl 
( ROTATIONALLY-ASYMMETRICAL 
ASPHERICAL SURFACE) 

CURVATURE OF INNER URFACE C2 
( ROTATIONALLY-ASYMMETRICAL 
ASPHERICAL SURFACE) 

CENTRAL THICKNESS 



4 .00[D] 
-4.00[D] 
45[°] 
7.18-4.23ED] 



1. 26-4 .27[D] 



4 . 30 [mm] 



[0519] Fig. lOlA is a list showing a distribution of the 
curvature Ci(h,6) which is obtained on the outer surface 2 
at each point having the polar coordinate (h,0) . Fig. lOlB 
is a list showing a distribution of the curvature CaCh,©) 
which is obtained on the inner surface 3 at each point 
having the polar coordinate (h,0) . 

[0520] Figs. 102A and 102B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
Ca(h,0) for each of the angle 0 of O'*, 45", 90°, 135°, 180°, 
225°, 270° and 315° with respect to the change of the height 
h. 

[0521] As shown in Fig. 102A, between two curves that 
take the curvature of 4.23 at the height h of zero, the 
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curve on the left side Is a curve of the angle of 135°, and 
the curve on the right side is a curve of the angle of 315°. 
Also, among three curves that take the curvature of 5.71 at 
the height h of zero, a curve indicated by a solid line is 
one on which curves of the angles of 0° and 180° are 
overlapping one another , a curve ( indicated by a dashed 
line) on the left side is a curve of the angle of 90°, and 
a curve (indicated by a dashed line) on the right side is a 
curve of the angles of 270°. Further, between two curves 
that take the curvature of 7.18 at the height h of zero, 
the curve on the left side is a curve of the angle of 45°, 
and the curve on the right side is a curve of the angle of 

225°. 

[0522] In Fig. 102A, a curve on which the curves of the 

angles of 45° and 225° are overlapping, a curve on which 
the curves of the angles of 0°, 90°, 180° and 270° are 
overlapping and a curve on which the curves of the angles 
of 135° and 315° are overlapping are indicated. 

[0523] Figs. 103A and 103B are graphs respectively 
illustrating the changes of the curvatures Ci(h,9) and 
C2(h,0) for each of the heights h of lOnun, 15mm, 20mm and 
25mm with respect to the change of the angle 0. 

[0524] As shown in Fig. 103A, for all of curves of the 
heights of 10mm, 15mm, 20mm and 25mm, the curvature Ci(h,0) 
of the outer surface 2 takes local maximum values at the 
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angles 0 of about 45° and 225°. As shown in Fig. 103A, for 
all of the image heights, the local maximum value at the 
angle 6 of about 225° is larger than the local maximum 
value at the angle 6 of about 45°. 

[0525] As shown in Fig. 103B, for all of curves of the 
heights of 10mm, 15mm, 20mm and 25mm, the curve of the 
curvature C2(h,0) of the inner surface 3 has a form of a 
sine wave. 

[0526] Figs. 104A and 104B are graphs respectively 
illustrating the changes of the value of Ci ( h, 0+180 ) - 
Ci(h,0) of the condition (6) and the value of C2(h,0+18O)- 
C2(h,0) of the condition (4) for each of the heights h of 
10mm, 15mm, 20mm and 25mm with respect to the change of the 

angle 0 . 

[0527] As shown in Fig. 104A, for all of curves of the 
heights h of 10mm, 15mm, 20mm and 25mm, the value of 
Ci(h, 0+180) -Ci(h,0) takes the maximum value at the angle 0 
of about 60° (i.e., in the upper portion) and takes the 
minimum value at the angle 0 of about 240° (i.e., in the 
lower portion) . Further, as shown in Fig. 104A, the 
amplitude of the curve of Ci(h, 0+180) -Ci(h,0) becomes 
greater as the height h increases . 

[0528] As shown in Fig. 104B, since the curve the 
curvature C 2 (h, 0 ) changes like the sine wave, symmetrical 
points on the surface has the same curvature. Therefore, 
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the change of the value C 2 (h, 9+180) -C 2 (h, 0 ) is indicated by 
a linear line on which all of the curves at different 
heights h are overlapping one another. 

[0529] Fig. 105 is a graph illustrating the change of 
the value of C 2 -i(h, 0+180) -C2-i(h,0) of the condition (2) for 
each of the heights h of 10mm, 15mm, 20mm and 25mm with 
respect to the change of the angle 0. As shown in Fig. 105, 
for all of the curves of the heights h of 10 mm, 15mm, 20 mm 
and 25mm, the value of C 2 -i(h, 0+180) -C2-i(h,0) takes the 
minimum value at the angle 0 of about 65° (i.e., in the 
upper portion) and takes the maximum value at the angle 0 
of about 240° (i.e., in the lower portion). Further, as 
shown in Fig. 105, the amplitude of the curve of the value 
of C 2 -i(h, 0+180) -C2-i(h,0) becomes greater as the height h 
increases . 

[0530] It is obvious from Fig. 105 that C 2 -i(h, 0+180 ) -C 2 - 
i(h,0) is negative for each of the heights h of 10mm, 15mm, 
20mm and 25mm within the range of 30^0^150. Accordingly, 
the spectacle lens according to the eleventh example 
satisfies the condition (2). 

[0531] Figs. 106A and 106B represent optical performance 
of the spectacle lens of the twelfth example. Figs. 106A 
and 10 6B are three dimensional graphs of the average 
refractive power error and the astigmatism, respectively. 
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[0532] 



SIXTH COMPARATIVE EXAMPLE 



[0533] A spectacle lens according to a sixth comparative 
example will be described below using numerical references 
shown in Fig. 2. The spectacle lens of the sixth 
comparative example has the same spherical power and 
cylindrical power as those of the eleventh and the twelfth 
examples. Specifications of the spectacle lens of the sixth 
comparative example are indicated in Table 18 . As shown in 
Table 18, the inner surface 13 is a toric surface having a 
curvature shown in Table 18, and the outer surface 12 is a 
rotationally- symmetrical aspherical surface. 



[0534] TABLE 18 



SPHERICAL POWER SPH 


4.00[D] 


CYLINDRICAL POWER CYL 


-4.00[D] 


ASTIGMATIC AXIS AX 


45[°] 


CURVATURE OF OUTER SURFACE Cl 
( ROTATIONALLY- SYMMETRICAL 
ASPHERICAL SURFACE) 


7.17[D] 


CURVATURE OF INNER URFACE C2 
(TORIC SURFACE) 


1.26~7.27[D] 


CENTRAL THICKNESS 


4 . 30 [mm] 



[0535] Fig. 107A is a list showing a distribution of the 
curvature Ci(h,0) which is obtained on the outer surface 12 
at each point having the polar coordinate (h,0). Fig. 107B 
is a list showing a distribution of the curvature C 2 (h, 0 ) 
which is obtained on the inner surface 13 at each point 
having the polar coordinate (h,0). 

[0536] Figs. 108A and 108B are graphs respectively 
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illustrating the changes of the curvatures Ci(h,0) and 
C 2 (h, 6 ) for each of the angle 0 of 0°, 45°, 90°, 135°, 180°, 
225°, 270° and 315° with respect to the change of the height 

h. 

[0537] The outer surface 12 is the rotationally- 
symmetrical aspherical surface. Therefore, even though the 
change of the curvature Ci(h,0) is represented by a curve, 
all of the changes of the curvature Ci(h,0) at different 
angles 0 are overlapping one another on the curve shown in 
Fig. 72A. 

[0538] Since the inner surface 13 is the toric surface, 
a linear line (a solid line) on which the changes of the 
curvature C 2 (h, 0 ) of the angles 0 of 45° and 225° are 
overlapping, a linear line on which the changes of the 
curvature C 2 (h, 0 ) of the angles 0 of 0°, 90°, 180° and 270° 
are overlapping, and a linear line on which the changes of 
the curvature C 2 (h, 0 ) of the angles 6 of 135° and 315° are 
overlapping are indicated in order of the increasing amount 
of the curvature . 

[0539] Figs. 109A and 109B are graphs respectively 
illustrating the changes of the curvatures Ci(h,0) and 
C 2 (h, 0 ) for each of the heights h of 10mm, 15mm, 20mm and 
25mm with respect to the change of the angle 0. 

[0540] Since the curvature Ci(h,0) does not change with 
respect to the change of the angle 0 , the curvature 
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Ci(h,6) is represented by a linear line for each of the 
heights of lOtnin, 15mm, 20mm and 25mm in Fig. 109A. Also, 
the curvature Ci(h,0) becomes greater as the height h 
increases. As shown in Fig. 109B, since the inner surface 
13 is the toric surface, the change of the curvature 
C 2 (h, 0 ) is represented by a curve like a sine wave on which 
all of the changes of the curvature C 2 (h, 0 ) at different 
heights h are overlapping one another. 

[0541] Figs. IlOA and IlOB are graphs respectively 
illustrating the changes of the value of Ci(h, 0+180)- 
Ci(h,0) of the condition (6) and the value of C 2 (h, 0+180)- 
C2(h,0) of the condition (4) for each of the heights h of 
10mm, 15mm, 20mm and 25mm with respect to the change of the 
angle 0. Fig. Ill is a graph illustrating the change of the 
value of C2-i(h,0+18O)-C2-i(h,0) of the condition (2) for 
each of the heights h of 10mm, 15mm, 20mm and 25mm with 
respect to the change of the angle 0. 

[0542] Since the outer surface is rotationally 
symmetrical and the inner surface is the toric surface 
which is symmetrical with respect to the optical axis 
thereof, the value of Ci(h, 0+180) -Ci(h,0) of the condition 
(6), the value of C2(h,0+18O)-C2(h,0) the condition (4) and 
the value of C 2 -i(h, 0+180 )-C2-i(h,0) of the condition (2) 
take a constant value of zero regardless of the height h 
and the angle 0. Accordingly, the sixth comparative example 
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does not satisfy the conditions (6), (4) and (2). 

[0543] Figs. 112A and 112B represent optical performance 
of the spectacle lens of the sixth comparative example. 
Figs. 112A and 112B are three dimensional graphs of the 
average refractive power error and the astigmatism, 
respectively. By comparing Fig. 112A with Figs. lOOA and 
106A and comparing Fig. 112B with Figs. lOOB and 106B, it 
is understood that the aberrations are sufficiently 
corrected in each of the eleventh and the twelfth exeunples . 
[0544] As described above, according to the embodiments 
of the invention a single-vision spectacle lens configured 
such that an upper portion of the lens has suitable 
performance for the distance vision and that a lower 
portion of the lens has suitable performance for the near 
vision can be accomplished. 

[0545] Although the present invention has been described 
in considerable detail with reference to certain preferred 
embodiments thereof, other embodiments are possible. 

[0546] The present disclosure relates to the subject 
matter contained in Japanese Patent Application No. P2003- 
055191, filed on March 03, 2003, which is expressly 
incorporated herein by reference in its entirety. 
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